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IMPROVING SAFETY AT SMALL UNDERGROUND MINES

Proceedings: Bureau of Mines Technology Transfer Seminar

Compiled by Robert H. Peters’

ABSTRACT

This U.S. Bureau of Mines report identifies the types of serious accidents that occur most frequently
at small underground coal mines and describes the strategies that could help prevent these accidents.
A wide variety of methods for improving safety are suggested, including improvements in the design of
equipment, work procedures, work schedules, safety programs, and emergency response plans, as well
as techniques for diagnosing the potential hazards associated with new technologies and work pro-
cedures. Some of the papers in this volume focus on preventing specific types of mining accidents—ones
associated with materials handling (primarily back injuries), equipment maintenance, improper machine
guarding, and ground failure during retreat mining. Although the recommendations in this volume are
heavily influenced by research performed at underground coal mines in the Appalachian coalfields, most
of the papers contain advice that is equally pertinent to almost any type of mine.

!Research psychologist, Pittsburgh Research Center, U.S. Bureau of Mines, Pittsburgh, PA.



INTRODUCTION

BACKGROUND

The vast majority of underground coal mines in the
United States are relatively small operations. Of the 1,345
U.S. underground coal mines in operation during 1992,
about one-half (638) employed 20 or fewer people and
about one-third (454) employed between 20 and 50 people.
The median number of employees was 22. Mines of fewer
than 50 employees accounted for 26% of total under-
ground coal production and 28% of the total number of
hours worked in underground mines.

Unfortunately, small mines seem to account for far
more than their share of total fatalities. Although small
mines (50 or fewer employees) accounted for only about
28% of the total work force, they accounted for 66% of
the fatalities that occurred in 1992. These statistics are not
too different from other recent years. During the period
1989-91, 58% of the fatalities occurred at mines of fewer
than 50 employees.

To assist small mine operators with improving safety,
the U.S. Bureau of Mines (USBM) is conducting a series
of technology transfer seminars at multiple locations within
the four States that contain most of the small underground
coal mines in the United States—Kentucky, West Virginia,
Virginia, and Pennsylvania. This report was prepared to
summarize the information presented at these seminars.
It contains 13 papers on various issues related to safety at
small underground coal mines. These papers describe a
wide variety of approaches to improve mine safety: mod-
ifications to the design of mining equipment, work proce-
dures, and work schedules; development of effective safety
programs and emergency response plans; and techniques
for diagnosing the potential hazards associated with new
technologies and work procedures. Some of the papers
focus on preventing specific types of mining accidents, such
as back injuries and roof falls.

Ground control is a particularly important problem at
small mines. Roof falls are the most frequent cause of
fatalities at small underground coal mines, accounting for
over one-half (56%) of all fatal accidents. The Peters and
Fotta (6)? analysis of accident statistics indicates that, in
comparison to large mines (over 50 employees), the rate
of groundfall fatalities is 10 times higher at mines with 20
or fewer employees. This volume contains only one paper
on this topic (I). However, the USBM conducted several
seminars on preventing groundfall accidents at small mines
during 1992-93. The eight papers prepared for those
seminars are published in a proceedings volume—USBM
Information Circular (IC) 9332 (8).

2Italic numbers in parentheses refer to items in the list of references
at the end of this introduction.

Back injuries are the most frequent type of nonfatal
injuries at small underground mines. These injuries are a
major problem for both employers and employees. Back
injuries are responsible for a great deal of suffering and
account for from 30% to 40% of worker compensation
costs at underground coal mines. Miners working in thin-
seam mines must handle materials and perform other
duties while in unusual and somewhat awkward postures,
resulting in stress to the lower back. Four of the papers
in this volume address various aspects of miners’ back
injuries and how to prevent them (2-4, 7).

The major causes of fatalities and serious injuries at
underground coal mines are basically the same regardless
of the size of the mine. The recommendations contained
in this volume are generally just as applicable to large
mines as they are to small mines. However, because of
greater limitations on work force and capital, the alter-
natives for solving certain types of safety problems may be
more limited for small mines than for larger operations.
The authors of this volume have been encouraged to con-
centrate on proposing solutions that would be feasible for
implementation at most small mining companies. How-
ever, large mining operations may be able to solve certain
types of safety problems via strategies that would not be
feasible for most small mining operations (e.g., major
changes in equipment or mining techniques).

Several hypotheses have been proposed to try to ac-
count for why fatality rates are so much higher at small
mines (5, 9). However, there is almost no research evi-
dence available indicating whether or not any of them are
valid. Data need to be collected and analyzed to evaluate
the impact of various factors on safety at small mines.
The National Academy of Sciences (5) researchers ana-
lyzed data on a variety of factors that sounded like plau-
sible explanations for the difference between fatality rates
at small mines versus large mines, but found that none of
them were capable of accounting for the large differences
that exist. It is clear that small mines differ from large
mines in several respeets (e.g., scam height and longevity
of operation), but it remains to be determined whether
these differences are of any significance in explaining why
small mines have higher fatality rates.

During the 1980’s, there was a substantial decline in the
number of underground coal mines and in the number of
jobs for miners in the United States. The number of
mines in the United States declined by 32% and the
number of hours employees worked in underground coal
mines declined by 40%. These dramatic changes have no
doubt influenced mine safety in various ways. In some
respects, these changes may have improved miners’ safety
and, in other respects, they may have worsened it. There
is currently very little in the way of theory or data on



which to base any predictions or arguments. However,
future safety researchers and economists may wish to
explore how mine closures and the threat of job loss
impact safety and whether the impact varies across mine
size.

PLANS FOR FUTURE RESEARCH

The USBM plans to conduct further analyses of
existing data to try to determine if there are charac-
teristics of mines or miners that tend to vary with mine
size and whether any of these factors are significantly
related to variations in fatality rates. Very little infor-
mation is available concerning what small mine operators
are currently doing to ensure their employees’ safety. It is
very difficult to determine what types of changes are
needed without having a better picture of what small mine
operators are currently doing and what kinds of constraints
and opportunities for improving safety exist at these op-
erations. Therefore, the USBM plans to conduct struc-
tured interviews with underground coal miners, mine

owners, and mine inspectors to find out more about the
approaches small mine operators are currently using to
prevent accidents and what the people who work at small
mines perceive as the obstacles to maintain a safe work-
place. Once this information has been collected, it will be
summarized and published, and the USBM will assist, if
possible, with implementing any recommendations.
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STATISTICAL PROFILE OF ACCIDENTS AT SMALL
UNDERGROUND COAL MINES

By Robert H. Peters' and Barbara Fotta®

ABSTRACT

The U.S. Bureau of Mines prepared this paper to pro-
vide statistical information on accidents, production, and
employment at small U.S. underground coal mines. Mines
are categorized according to size as follows: fewer than
20 employees, 20 to 50 employees, 50 to 100 employees,
and more than 100 employees. For each size category,
statistics are presented showing the following: (1) the
number of mines and the States in which they are located;
(2) changes in employment, production, and rates of fatal
and permanently disabling accidents between two periods
(1978-80 and 1989-91); and (3) rates of coal production

and rates of various types of serious accidents. The fiv:
States with the largest number of small underground cos.:
mines are Kentucky, West Virginia, Virginia, Pennsylvani:,
and Tennessee. Statistics are presented to show how vas-
ous sizes of mines in these 5 States compare with or ..
another in terms of safety and productivity. Statistics as ~
also presented showing how miners who are injured wix::
working at mines of various sizes compare in terms of ag:.
and experience. Several propositions about why sm»i
mines have higher fatality rates are reviewed.

INTRODUCTION

The National Academy of Sciences (NAS) published
studies (5-6)% in 1982 and 1983 examining the relationship
between the size of underground coal mines and the rate
of fatal accidents. It found that during the period 1978-80,
the fatality rate for mines with 50 or fewer employees
(0.14) was about 3 times that of mines with over 250 em-
ployees (0.05), and almost twice that of mines with 51 to
250 employees (0.08). The researchers note:

This strong correlation between mine size and fa-
tality rates was evident in all the data from the
[US.] Mine Safety and Health Administration
(MSHA) we examined dating back to 1969.
Furthermore, the association was not explainable by

Research psychologist.

Research methodologist.

Pittsburgh Research Center, U.S. Bureau of Mines, Pittsburgh, PA.

3Italic numbers in parentheses refer to items in the list of references
at the end of this paper.

company ownership, union status, seam thickness, ¢
any of the other factors we examined.

More recent data from MSHA indicate that the ;-
crepancy between fatality rates at small versus large nuzv.
has grown even more extreme since the NAS study .
performed. Tisdale (§) writes:

In 1992, small underground coal mines, with
fewer than 20 employees, had a fatal incidence rate
of about 6 times that of larger mines, and those with
more than 20 but fewer than 50 employees had 2
rate about 4 times that of larger mines.

The NAS researchers analyzed data on accidents o
underground coal mines during the late 1970’s to try i:
establish which of several factors might be responsible f::
the fact that fatality rates are so much higher at sw:.
mines. Their findings are reviewed briefly as follow-



Exposure to Face Areas of the Mine.—One potential
explanation of the association between mine size and
fatality rates is that in large mines there are proportionally
more workers away from the working face and therefore
at reduced risk for a fatality. If this were true, then
smaller mines would have larger fatality rates even though
the risks for miners at the working face were the same as
in larger mines. The NAS researchers allowed for this
possibility in their analyses (6, pp. 91-93), but found that,
at best, it could explain only a part of the strong asso-
ciation between minc size and fatality rates.

Seam Thickness.—The NAS resecarchers investigated the
impact that seam height might have on explaining the
differences between fatality rates at small versus large
mincs. They note that, in gencral, smaller mines have
thinner coal seams than larger mines. However, they were
unable to find any clear relationship between seam thick-
ness and the fatality rate in small mines. In contrast,
within each thickness category the fatality rate tends to
decline with increasing mine size. Thercfore, the authors
concluded that the association between mine size and
fatality rate is not due to differences between small and
large mines with respect to seam thickness. However,
about 78% of mines with 20 or fcwer employees and 59%
of mines with 21 to 50 employees failed to report seam
heights for the period being studied (1975-80). Such a
large amount of missing data precluded doing a thorough
analysis of seam height relative to mine size. Unfortu-
nately, it is impossible to determine the extent to which
this lack of data may have influenced the results that were
reported.

Duration of Active Operation.—The NAS (5) rescarchers
note that there are striking differences between small and
large mines with respect to the Iength of time they remain
open. They note that smaller mines operate for shorter
periods of time and more intermittently than larger mines,
which tend to operate more or less continuously. The
majority (57%) of small mines in their sample were active
for 18 months or less during 1975-80, compared with only
4% of larger mines.

The NAS researchers hypothesized that part of the dif-
ference between fatality rates at small versus large mines
may reflect a "learning curve” phenomenon. The reasoning
behind this notion is that the risk of a fatality is greatest

shortly after a mine first opens and thereafter declines—
i.e., the risk of fatalities decreases over time. Although
this notion appears plausible, the NAS researchers could
not find sufficient evidence from their data to support it.

The NAS findings strongly suggest that various factors
that sounded like plausible explanations for the difference
between fatality rates at small versus large mines are
actually NOT capable of accounting for the large dif-
ferences that exist. Unfortunately, researchers have yet to
establish what the factors are that can account for the
large disparity. The NAS (5) researchers speculate that
the following factors may have been at least partly
responsible for the disparity:

On the basis of our examination of fatality
reports, discussions with operators of small under-
ground coal mines, and the experience of the Com-
mittee’s three mining enginecrs and geologist with
small mine operations, we believe the following
factors exacerbate the safety problem in small mines:

1) The mining equipment in small mines is of
lower quality, sometimes secondhand, and less well
maintained.

2) The physical condition of employees in small
mines is less favorable to safety—small operators
sometimes employ workers that large companies will
not accept.

3) The financial resources available to operators
of small mines are limited. Hence many of these
operators are not able to support the more extensive
safety programs employed by some major coal com-
panics (using safety engincers and technicians).

Statistics on rates of fatalitics and permanently dis-
abling injurics strongly suggest that small mine operators
face some unique obstacles to maintaining their employ-
ees’ salety. The U.S. Bureau of Mines (USBM) prepared
this paper to (1) update the NAS accident statistics,
(2) identify changes that have occurred since 1980, and
(3) enumerate the propositions that have been set forth to
try to account for the differences in the safety performance
of small versus large mines. The information this paper
provides may be useful in arriving at causal explanations
and successful interventions aimed at improving miners’
safety—especially at small underground coal mines.

METHODS

The data presented here are drawn [rom MSHA’s
database of mining production, employment, and accidents
for the entire population of U.S. underground coal mings.
MSHA gathers these data in accordance with Part 30 of
the U.S. Code of Federal Regulations. To collect this

information, MSHA requires mines to submit a form
(7000-1) that describes each "reportable” accident. Also,
cach working mine must submit quarterly information
about their operations, including production, employee-
hours, and mine characteristics on another standard form



(7000-2). The USBM has access to computerized copies
of this information for all mine operators from 1975
through 1991. The USBM does not have access to com-
puterized data about independent contractors. Independ-
ent contractor employees have become a more significant
part of the mining work force in the past decade. They
may perform a wide variety of support functions for mine
operators, such as hauling coal or constructing various
facilities on mine property. Consequently, the numbers
presented here will be slightly smaller than analyses that
include independent contractors. Also, reporting require-
ments for contractors are somewhat different from those
for operators, so the data are not readily comparable.

The analyses presented here primarily cover the years
1989 through 1991. At this writing, the 1991 data are the
most recent available in the USBM’s copy of the MSHA
database. A limitation of the MSHA data is that not all
of the information on the reporting forms is complete for
all the mines in the database. For instance, information
on employment, production, and other variables is some-
times missing. A total of 2,187 mines met the selection
criteria of reporting nonzero underground production, or
reporting a fatality during at least 1 of the 3 years studied.
(That is, mines that reported zero coal production were
included in the analyses only if a fatality had occurred at
that location.)

The injury data analyses will focus on three types of
injuries: (1) fatalities (MSHA "Degree of Injury” code 1),
(2) permanently disabling injuries (MSHA "Degree of
Injury” code 2), and (3) lost-time injuries that caused the
employee to miss more than 20 days of work (referred to
as serious injuries).

Throughout the tables of statistics presented in this
paper, mines have been stratified according to their size.

Mines were usually put into one of the following four size
categories based on the average number of employees at
that operation: 1 to 20, 21 to 50, 51 to 100, and more than
100. Both the number of employees and the number of
employee-hours included people who worked (1) under-
ground, (2) at the surface of underground mines (except
office workers), and (3) in preparation plants at under-
ground mines. The size of each mine was usually deter-
mined by averaging the annual number of employees
reported by the mine for 1989, 1990, and 1991. However,
there were a couple of exceptions to this procedure: (1)
All data pertaining to office workers were excluded from
the analyses because these workers are not normally
exposed to the types of hazards that other mine employees
face; (2) mines where a fatality had occurred were placed
into the mine size category that corresponded to the aver-
age number of employees the mine reported for the year
of the fatality as opposed to using the 3-year average. This
was done to accurately characterize what mines were like
at the time the fatal accident occurred and also to be con-
sistent with MSHA'’s statistics for the number of fatalities
occurring in mines of a particular size category.

The NAS researchers considered mines of 50 or fewer
employees to be "small' mines. This paper follows the
same convention—the term "small mines" always refers to
mines of 50 or fewer employees. However, close to half
of US. underground coal mines employ 20 or fewer
people. Because so many mines are in this category, sta-
tistics are always reported for each of two separate cate-
gories of small mines: mines of 20 or fewer employees
and mines that employ between 20 and 50. Throughout
this paper, mines that employ 20 or fewer people are
always referred to as "very small' mines, and mines that
employ more than 50 people are considered to be "large”
mines.

FINDINGS

The findings are organized into 10 tables of statistics.
Each table is discussed below, beginning with a look at the
number of mines in each size category that are located in
each State.

LOCATION OF MINES

Table 1 breaks down the total number of underground
coal mines that reported any coal production during 1989-
91 by State and mine size. Over half of the underground
coal mines in operation during this time period were
concentrated in the States of Kentucky and West Virginia,
with 38.6% and 28.4% of the total number of mines,
respectively. Virginia accounted for 15.4% of the mines,
followed by Pennsylvania with 8.3%. Similarly, the major-
ity of very small mines are concentrated in these States as

well. Of the 1,217 mines in this size category, 507 (41.7%)
are located in Kentucky, 298 (24.5%) in West Virginia, 206
in Virginia, 120 in Pennsylvania, and 53 in Tennessee.

UNDERGROUND COAL PRODUCTION

The total amount of coal produced from underground
mines during 1989-91 is broken down by State and mine
size in table 2. West Virginia mines produced 29.1% of
the underground coal mined in the United States, followed
by Kentucky mines with 24.4%. Other major producers of
underground coal include Illinois (10.5%), Pennsylvania
(10.1%), and Virginia (8.9%). Most of this production
(60.3%) was from mines employing over 100 employees.
Very small mines accounted for 8.5% of total underground
coal production, and mines employing from 21 to 50



employees accounted for 20.2%. Of the coal produced
by very small mines, 40% came from Kentucky, 30% from
West Virginia, 20% from Virginia, 3.8% from Pennsyl-
vania, and 2.7% from Tennessee.

Table 1.—Number of underground coal mines stratified
by State and mine size (number
of employees) in 1989-91

Number of employees

State 1to 21to 51to Qver % of
20 50 100 100 Total U.S.
total
Alabama ..... 6 1 1 9 17 0.8
Colorado ..... 6 3 3 5 17 0.8
linois ....... 2 4 2 23 31 1.4
Kentucky ..... 507 262 41 34 844 38.6
Ohio ........ 8 3 1 7 19 0.9
Pennsyivania . . 120 23 16 23 182 8.3
Tennessee . ... 53 23 3 1 80 37
Utah . ........ 5 2 7 8 22 1.0
Virginia ...... 206 102 20 9 337 154
West Virginia .. 298 256 27 41 622 28.4
Other' ....... 6 4 4 2 16 0.7
U.S. total ... 1,217 683 125 162 2,187 NAp

% of U.S.
total ..... 556 31.2 5.7 7.4 NAp 100

NAp Not applicable.
1Ark:—.msas, Indiana, lowa, Maryland, Montana, New Mexico,
Oklahoma, and Wyoming.

Table 2.—Total underground coal production! stratified by
State and mine size (number of
employees) in 1989-91

Number of employees

State 1to 21to  51to  Over % of
20 50 100 100 Total U.S.
total
Alabama ..... 0.06 0.01 033 43.44 43.83 4.0
Colorado .. ... 0.76 2.03 444 17.70 2492 23
llinois ....... 0.06 1.88 4.04 109.75 11570 105
Kentucky ..... 37.30 79.89 4171 108.98 267.88 24.4
Ohio ........ 0.93 1.71 0.23 29.75 32.61 3.0
Pennsylvania .. 3.57 924 13.09 8526 111.16 10.1
Tennessee . ... 2.56 4.37 2.62 1.54 11.09 1.0
Utah ........ 1.62 0.69 10.24 45.60 58.16 5.3
Virginia ...... 18.34  30.51 15.49 33.82 98.16 8.9
West Virginia .. 27.98 90.85 2457 176.35 319.74 29.1
Other® ....... 0.16 0.78 440 10.23 1558 1.4
US. total ... 93.37 221.94 121.14 662.38 1,098.83 NAp

% of U.S.
total ..... 8.5 20.2 11.0 60.3 NAp 100.0

NAp Not applicable.

YProduction is in millions of metric tons.
tons, multiply by 1.10232.

2Arkansa's, Indiana, lowa, Maryland, Montana, New Mexico,
Oklahoma, and Wyoming.

To convert to short

CHANGES IN PRODUCTION, EMPLOYMENT,
AND INJURY RATES DURING THE 1980’s

Table 3 presents eight different measures of the U.S.
underground coal mining industry stratified by mine size.
To be able to see how the industry changed during the
1980’s, statistics are presented that reflect two different
periods: 1978-80 and 1989-91. Also included in the table
is the percentage of change over the intervening 8-year
span for each of the mine characteristics listed.

1978-80 Statistics

Several trends relating to mine size are evident for the
period 1978-80. As mine size increases, the number of
mines within each size category decreases and the number
of employee-hours and the amount of production in-
creases. The productivity rate, however, decreases with
increasing mine size from 1.69 t/h at very small mines to
0.98 t/h at mines with 50 or more employees. Both the
fatality rate and the permanent disability rate decrease
with increasing mine size. However, the decrease in per-
manent disability rates (from 0.205 to 0.165 injuries per
200,000 h) is of a much lower magnitude than the decrease
in fatality rates (from 0.245 to 0.062).

1989-91 Statistics

Trends similar to those observed for 1978-80 are evi-
dent for this period as well with one notable exception.
The productivity rate is now highest for mines with 21 to
50 employees (2.69 t/h), followed by a productivity rate of
2.46 t/h for mines with 50 or more employees. It is the
very small mines that now have the lowest productivity
rate, 2.27 t/h.

1978-80 Versus 1989-91 Statistics

The last three columns in table 3 summarize the data
aggregated across mine size for the two time periods and
show the percentage of change from one time period to
the next.

Productivity—The most significant change is a 136% in-
crease in overall productivity. This reflects a 42% increase
in overall production and a 40% decrease in the overall
number of employee-hours. Looking across mine size
categories, the increase in production rate becomes more
dramatic with increasing mine size, such that for mines
with more than 50 employees the production rate has
increased by 152%.

Number of Mines and Amount of Production.—The total
number of mines in operation decreased by 32%. The



largest decrease (51%) was sustained by mines with 50 or
more employees. Although the number of very small
mines decreased by 39%, this category still constitutes over
half (56%) of the total number of mines in operation.
Conversely, the number of mines with 21 to 50 employees
has increased by 8% from 631 mines in 1978-80 to 683
mines in operation during 1989-91. Similarly, this mine
size category, in contrast to the larger and smaller mine
sizes, shows a substantial increase in total production and
number of employee-hours. Production at mines with 21
to 50 employees has increased 155% compared with an
increase of only 21% and 29% for very small and large
mines, respectively.

Fatalities and Disabling Injuries —During the 1980’s, the
overall fatality rate decreased by 26%. The percentage of
decrease in fatality rates becomes more pronounced with
increasing mine size. For mines with more than 50
employees, the fatality ratc has been decrcased by almost
half (43%). For very small mines, the fatality rate has
decreased by 29%. Conversely, the permanent disability
rate increased for all three mine size categories during the
1980’s. The increases ranged from 11% for the smallest
mines to 30% for mines in the 21- to 50-employee cate-
gory. Overall, the increase was 20%. This increase is
somewhat unexpected, and the reasons for it are not clear.

ACCIDENT TYPES
Fatal Accidents®

Table 4 breaks down the total number of accidents that
resulted in one or more faualities during the period 1987-
91 by type of accident and mine size. Because fatalities
are a relatively rare event, a 5-year span was used for this
table rather than a 3-year span. Increasing the number of
incidents under consideration helps to minimize the im-
pact of annual fluctuations. Overall, ground fall accidents
constituted close to half (46.79%) of thc total number of
fatal accidents occurring over this 5-year period. The ma-
jority (72%) of the 85 fatal ground fall accidents occurred
in mines with 50 or fewer employees. [See Randolph (7)
for an analysis of how ground fall accident rates vary ac-
cording to mine size and various other factors. For some
ideas about how to prevent roof fall accidents at small
mines, see USBM Information Circular 9332 (10).]

It is important to note that the accident statistics in tables 4 and 5
do not reflect fatalities experienced by independent contractors. If in-
dependent contractor fatalities were included, the trends might appear
different. For example, powered haulage accidents are one of the most
common causes of fatalities to independent contractors, but ground falls
are not.

Table 3.—Number of operations, employee hours, production, and rates of fatalities and permanently disabling injuries
during two 3-year periods stratified by mine size (number of employees)

Number of employees

1to 20 21to 50 Over 50 Total or overall rate
1978- 1989- % 1978-  1989- % 1978- 1989- % 1978- 1989- %
80 91 change 80 91 change 80 91 change 80 91 change

Number of

operations . ....... 1,995 1,217 -39 631 683 +8 585 287 -51 3211 2,187 -32
Employee-hours! .... 4576 41.20 10  64.80 8238  +27 62223 318.85 -49 73279 442,43 -40
Production® ........ 77.09 93.37 +21 87.18 22194 +155 607.32 783.51 +29 771.58 1,098.82 +42
Productivity3 ........ 1.69 227 +35 1.34 269 +100 0.98 246 +152 1.05 249 +136
Fatalities .......... 56 36 -36 48 40 -17 193 56 =71 297 132 -56
Fatality rate* .. ... ... 0.245 0.175 -29 0.148 0.097 -34 0.062 0.035 -43 0.081 0.080 -26
Permanent

disabilities® ....... 47 47 0 55 91 +65 512 305 -40 614 443 -28
Permanent disability

rate* L. 0.205 0.228 +11 0.170 0.221 +30 0.165 0.191 +16 0.168 0.200 +20

'Employee-hours are in millions of hours.

2Production is in millions of metric tons. To convert to short tons, multiply by 1.10232,

3Number of metric tons per employee-hour.
“Per 200,000 employee-hours of exposure.

SIncludes all total and partial permanently disabling injuries except inguinal hernias that are repaired and losses of teeth or the tips of

toes and fingers.
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Table 4.—Number of accidents resulting in one or more
fatalities at an underground coal mine stratified
by type of accident and mine size (number
of employees) in 1987-91

Number of employees

Accident type Tto 21to 51to Over Total % of

20 50 100 100 total

Ground fall . . ... ... 33 28 6 18 85 467
Powered haulage ... 7 11 5 14 37 203
Machinery ........ 1 7 4 11 23 126
Electrical ......... 5 3 3 6 17 93
Explosives . ....... 3 1 1 0 5 27
Other ............ 5 4 0 6 15 8.2
Total ... 54 54 19 55 182 NAp

% of total .. ... 297 297 104 302 NAp 100

NAp  Not applicable.

The next most frequent type of fatal mining accidents
are those associated with powered haulage equipment.
MSHA'’s accident classification scheme considers powered
haulage accidents 2 be those that are ". . . caused by the
motion of the haulage unit, e.g., motors and rail cars, con-
veyors, shuttle cars, haulage trucks, front-end loaders, etc.
Also includes any accidents caused by a moving part of the
haulage unit." Fatal powered haulage accidents are almost
evenly split between mines with over 50 employees versus
mines with S0 or fewer employees. Further statistics on
powered haulage accidents may be found in the Holmes
Safety Association Bulletin (4).

Of the 182 accidents causing 1 or more fatalities, 54 oc-
curred at mines with 1 to 20 employees, another 54 oc-
curred at mines with 21 to 50 employees, 19 occurred at
mines with 51 to 100 employees, and 55 occurred at mines
employing over 100 people. Thus, a sizeable number of
fatal accidents have occurred at both large and small
underground coal mines.

It is interesting to note that the NAS (5) researchers
found that the distribution of types of accidents causing
fatalities did NOT vary much across mine size. They con-
clude that—

This indicates that the larger fatality rate in small
mines is not the result of an increase in a specific
type of accident (e.g., roof falls). Rather, the data
indicated that smaller mines are more likely than
larger mines to have fatalities from each of the
major types of accidents. This would suggest that
the problem in small mines is not isolated to a spe-
cific work activity (such as roof bolting), but is pres-
ent in all aspects of the mining effort.

Based on analysis of more recent data, this conclusion
no longer appears true. Table 5 shows rates of fatal ac-
cidents stratified by accident type and mine size during
1987-91. In comparing the rate of various types of ac-
cidents at mines of 20 or fewer employees versus mines of
50 and over, one sees that the rate of fatalities is greater
at very small mines for each major accident type (except

machinery). This is in line with what the NAS researchers
found. However, looking down the last column of table 5,
one sees that the magnitude of the difference between
rates of various types of fatal accidents at very small versus
large mines varies quite a bit from one type of accident to
the next. In particular, the rate of fatal ground fall ac-
cidents is 10.7 times greater at very small mines than it is
at mines with over 50 employees. The corresponding
ratios for fatal powered haulage, machinery, and electrical
accidents are 2.9, 0.5, and 4.4, respectively. Thus, there is
a much bigger disparity between fatal ground fall accident
rates at very small versus large mines than there is for
rates of other types of fatal accidents.

Table 5.—Rates® of fatal accidents stratified by accident type
and mine size (number of employees) in 1987-91

Accident type Mine size
11020 21t050 Over50 Ratio®
Ground fall . ........ 0.0965 0.0418 0.0089 10.8
Electrical .......... 0.0146 0.0045 0.0033 4.4
Machinery ......... 0.0029 0.0104 0.0056 0.5
Powered haulage . ... 0.0205 0.0164 0.0071 29

per 200,000 employee-hours of exposure.
ZRatio of rate for 1to 20 employees to rate of over 50 employees.

Serious Injuries

Table 6 breaks down the total number of serious in-
juries during 1989-91 by type of accident and mine size.
In this table, serious injuries are considered to be any
nonfatal injury that caused a permanent disability or that
resulted in more than 20 days of lost work. The last two
columns in table 6 list the numbers and rates of the vari-
ous types of accidents that were reported by all the mines
over this 3-year period. Overall, "handling material” ac-
cidents occurred at the highest rate (1.97), accounting for
36.4% of all serious injuries. The next highest rate was for
“slip or fall" accidents (0.89), which accounted for 16.4%
of all serious injuries. Together, these two accident types
accounted for over half of the serious injuries reported
over this 3-year period. For some ideas about how to pre-
vent handling material accidents in coal mines, see Unger
(9), Gallagher (2), Conway (I), and Hamrick (3).

A few trends are evident when looking at variations
in the rate of specific types of accidents across mine size
categories. It appears that rates of serious handling ma-
terial accidents increase as mines get bigger. The rate of
handling material accidents ranges from 1.42 at very small
mines to 2.05 for mines with over 100 employees. Where-
as handling material accidents account for 28% of all
serious injuries at very small mines, they account for 38%
of all serious injuries at mines of over 100 employees.
Similarly, the trend is for serious injuries caused by slips
or falls to occur at a higher rate as mine size increases.
At mines of over 100 employees, the rate is over twice as
high as at very small mines (1.11 versus 0.47).
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Table 6.—~Number and rates' of serlous injuries? stratified by accldent type and mine size (number of employees) In 1989-91

Number of employees

Accident type 110 20 2110 50 51 to 100 Over 100 o OVErEl
Injuries  Rate  Injuries Rate  Injuries Rate  Injuries  Rate ota rate

Handling material . ... .. .. ... 292 1.42 805 1.95 478 2.03 2,787 2.05 4,362 1.97
Sliporfall ................ 96 0.47 230 0.56 140 0.60 1,502 1.11 1,968 0.89
Machinery ............. ... 211 1.02 422 1.02 207 0.88 782 0.58 1,622 0.73
Powered haulage ........... 227 1.10 427 1.04 178 0.76 746 0.55 1,578 0.71
Groundfall .. .............. 97 0.47 220 0.53 92 0.39 493 0.36 902 0.41
Handtool................. 51 0.25 91 0.22 64 0.27 462 0.34 668 0.30
Stepping or kneeling ........ 20 0.10 49 0.12 28 0.12 153 0.11 250 0.1
Striking or bumping .. ....... 7 0.03 10 0.02 5 0.02 132 0.10 154 0.07
Electrical ......... ........ 9 0.04 30 0.07 14 0.06 43 0.03 96 0.04
Other® . ......... ........ 29 0.14 53 0.13 38 0.16 271 0.20 391 0.18
Total .......... 1,039 5.04 2,337 5.67 1,244 5.29 7,371 5.42 11,991 5.42

!per 200,000 employee-hours of exposure.

2Serious injuries include those classified as permanently disabling and those that caused the employee to miss more than 20 days of

work.

Machinery accidents are the third most common type of
accident resulting in serious injuries. They account for
13.5% of the total and occur at a rate of 0.73. Powered
haulage accidents, with a ratc of 0.71, account for 13.2%
of the serious injuries reported by underground coal
mines. In contrast to the previously noted trends across
mine size categories, the trend is for serious powered
haulage and machinery accidents to occur at successively
lower rates as mine sizc increascs. From the smallest to
the largest mine size category, the rates for both categories
of accidents decrease by about half.

Other differences relative to mine size include a slight
decrease in the rate of serious ground fall accidents with
increasing mine size (from 0.47 to 0.36), and a slight
increase in the rate of scrious hand tool accidents with
increasing mine size (from 0.25 to 0.34).

FATALITY AND INJURY RATES
FOR SELECTED STATES

Table 7 displays rates of fatalities, permanent dis-
abilities, and serious injurics (injurics resulting in more
than 20 lost workdays), stratificd by State and mine size
for 1989-91. The table is limited to only those States with
at least 50 very small underground mines. The “overall"
rates listed at the bottom of the table, however, include
fatalities and injuries in underground coal mines from all
States. Data are not given for Tennessee mines in the two
largest sizc categories because of the extremely small
number of large mines in Tennessee.

Fatality Rates —As noted previously, looking across mine
size categories, the overall fatality rate is highest for mines
with 20 or fewer employees, then drops suddenly by almost
half for mines with 21 to 50 employees, and drops by half
again for mincs with more than 50 employees. For the
most part, this trend of decreasing fatality rates with in-
creasing mine size is evident within each of the five States.

The major exception to this overall pattern occurs in
Virginia where the fatality rate for mines with 21 to 50
employees is slightly higher than that for the smaller
mines. The last column in table 7 shows the overall fatal-
ity rates for each of the five States. They range from 0.015
for Pennsylvania to 0.114 for Kentucky. Of the five States,
West Virginia and Kentucky have the highest fatality rates
for very small mines, 0.223 and 0.180, respectively. It is
interesting that these also happen to be the two States with
the largest number of small mines.

Permanent Disability Rates.—The trends observed in
fatality rates relative to mine size are not as clear and pro-
nounced in the permanent disability rates. For example,
although the overall fatality rate for very small mines
(0.175) is five times as great as the fatality rate for very
large mines (0.033), the overall permanent disability rate
for very small mines (0.228) is only 1.2 times as great as
that for the largest mines (0.183). Mines in the 51- to 100-
employee category actually have the highest overall rate of
permanent disabilities (0.238).

Serious Injury Rates~Again, the clear trend that was
observed in fatality rates relative to mine size is not pres-
ent in the overall serious injury rates. The overall serious
injury rates for very small mines (4.82) is actually less than
that for the largest mines (5.24).

Other Trends.—Looking down the last column at the
overall rates across States, one sees that the three meas-
ures of safety for Pennsylvania mines lead to conflicting
conclusions. Although Pennsylvania had the lowest fatality
rate among the five States, it had the second highest per-
manent disability rate (0.236) and the highest serious in-
jury rate (6.81).

Looking across mine size categories within States, a
few trends are apparent. In Pennsylvania, both the perma-
nent disability and serious injury rates increase with in-
creasing mine size, a twofold to threefold increase from
the smallest to the largest mine size category. Conversely,
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in Virginia, the serious injury rate decreases with increas-
ing mine size, from 6.43 to 5.03, a 22% decrease from the
smallest to the largest mine sizes.

Table 7.—Rates! of fatalities, permanent disabilities,
and serious injuries? stratified by State and mine
size (number of employees) in 1989-91

Number of employees

State and rate

1to 21to 51to Over Overall
20 50 100 100 rate

Kentucky:

Fatality .......... 0.180 0.100 0.094 0.105 0.114

Permanent disability 0.252 0.288 0.216 0.177 0.227

Serious injury . ... .. 436 536 497 450 4.79
Pennsylvania:

Fatality .......... 0.156 0.000 0.000 0.010 0.015

Permanent disability 0.078 0.155 0.199 0.259 0.236

Serious injury .. .. .. 3.05 482 646 730 681
Tennessee:

Fatality .......... 0.112 0.073 Neg. Neg. 0.058

Permanent disability 0.224 0.366 Neg. Neg. 0.259

Serious injury . . .. .. 460 4.46 Neg. Neg. 3.97
Virginia:

Fatality .......... 0.122 0.166 0.050 0.013 0.084

Permanent disability 0.171 0.181 0.250 0.139 0.177

Serious injury .. . ... 643 589 585 503 568
West Virginia:

Fatality .......... 0.223 0.066 0.021 0.015 0.047

Permanent disability 0.241 0.173 0.338 0.146 0.176

Serious injury . ... .. 488 565 504 466 4.96
Total:

Fatality .......... 0.175 0.097 0.047 0.033 0.060

Permanent disability 0.228 0.221 0.238 0.183 0.200

Serious injury . . .. .. 4.82 545 5.05 5.24 5.22

Neg. Negligible. Data are not reported because the number

of mining operations in this category was extremely small.

1pgr 200,000 employee-hours of exposure.

Znjuries, other than those classified as permanently disabling,
which caused the employee to miss more than 20 days of work.

EMPLOYEE-HOURS AND PRODUCTIVITY

Table 8 displays total employee-hours and productivity
during 1989-91 for each of the five States where the ma-
jority of small mines are located, broken down by mine
size. Across the five States, productivity ranges from
1.60 t/h for Tennessee to 2.69 t/h for West Virginia.
Across the different categories of mine size, productivity
ranges from 2.27 t/h for very small mines to 2.69 t/h for
mines with 21 to 50 employees.

CHARACTERISTICS OF SERIOUSLY
INJURED MINERS

Table 9 displays the mean age of seriously injured
miners during 1989-91, as well as the number of years
of experience they had (1) working at their current mine,
(2) working in their current job classification, and

(3) working as a coal miner. The overall means as well as
the means for four mine size categories are presented.
The means for each of the four victim characteristics
steadily increases as mine size increases. The mean for
"experience at mine" displays the most dramatic increase,
from 1.95 for very small mines to 11.0 for mines with over
100 employees. This may largely reflect the fact that most
small mines do not remain open for nearly as long as large
mines. It may also reflect a tendency for younger, less
experienced miners to be hired by small mines rather than
large mines, and that when larger mines have had to lay
off workers during the 1980’s, it was the younger miners
who lost their jobs.

Table 8.—Total employee hours! and productivity? stratified
by State and by mine size (number
of employees) in 1989-91

Number of employees

State and variable 1 to 21to  51to Over Total or
20 50 100 100 overall
rate
Kentucky:
Employee-hours  16.646 29.876 14.835 41.926 103.282
Productivity . .. 2.24 2.68 2.81 2.60 2.59
Pennsylvania:
Employee-hours 2557 3.860 6.041 39.344 51.803
Productivity . . . 1.40 2.39 2.17 217 2.15
Tennessee:
Employee-hours 1782 2734 1.254 1.177 6.946
Productivity . . . 1.43 1.60 Neg. Neg. 1.60
Virginia:
Employee-hours 8.211 13.274 8.006 15.826 45.317
Productivity . . . 2.23 2.30 1.93 2.14 2.17
West Virginia:
Employee-hours  10.787 30.113 9.479 68.617 118.996
Productivity . . . 2.59 3.02 2.59 2.56 2.69

Total or overall rate:
Employee-hours 41.203 82.383 47.025 271.820 442.431
Productivity . . . 2.27 2.69 2.58 2.44 2.49

Neg. Negligible. Data are not reported because the number
of mining operations in this category was extremely small.

"Hours are in millions.

ZNumber of metric tons per employee-hour.

Table 9.—Mean age and experience of seriously injured’
miners stratified by mine size (number
of employees) in 1989-91

Number of employees

Victim characteristic 1to 21to 51to Over Overall
20 50 100 100
Age ..o 32.3 34.0 367 403 380
Experience at mine 1.95 2.6 53 11.0 8.0
Experience injob ... .. 5.6 5.8 6.0 6.7 6.1

Total mining experience 121 13.0 134 149 142

ISerious injuries include those classified as permanently dis-
abling and those that caused the employee to miss more than
20 days of work.




It is interesting to note that the age distribution of
miners at various sizes of mines appears to have changed
since the NAS (6) study was conducted. The NAS re-
searchers reported finding no age differences relative to
mine size. However, the present data show a difference of
8 years between the average age of injured miners at small
mines (32.3) versus large mines (40.3). (A note of caution:
One must keep in mind that the ages of injured miners
may not necessarily correspond to the ages of all miners
in the work force.)

MINE-LEVEL DESCRIPTIVE STATISTICS

Data on mining accidents, employment, and production
can be aggregated or grouped at various levels of analysis.
Throughout the tables of statistics discussed thus far, the
data have NOT been based on mine-level analyses. The
data from all mines that fell within a specified size cate-
gory were aggregated or pooled together in the calculation
of statistics. For instance, accident rates have been cal-
culated by adding together all the accidents that occurred
throughout all the mines in a particular size category,
dividing this number by the sum of all the employee-hours
worked throughout those same mines and then multiplying
by 200,000.

However, in table 10 the statistics are based on data
aggregated at the mine level of analysis. In this procedure,
the first step is to calculate an accident rate for each mine.
The mean accident rate for mines in a particular size
category is then computed by finding the average of the
rates for each of the mines in that size category. An
important feature of using the mine level of analysis is
that each mine is treated as a single data point and given
the same weight as any other mine. An advantage of this
procedure is that it allows one to see the variation that
exists among the mines in a particular size category. Ta-
ble 10 presents mine-level descriptive statistics for produc-
tivity, seam height, and rate of serious and fatal accidents
during 1989-91.

Productivity —Statistics are reported for all underground
coal mines as well as for each of four mine size categories.
The differences in the figurcs for mean mine-level produc-
tivity between different mine size categories correspond
fairly closcly to what was reported in table 3. The smallest
mines have the lowest mean productivity rate (2.07), and
mines in the 21- to 50-employee category have the highest
productivity (2.66).

Seam Height—As was reported in the NAS (5) study,
there is still a clear trend toward larger mines operating
in higher coal seams. The overall median seam height is
109 cm (43 in). The median for the category of very small
mines is 102 cm (40 in). As mine size increases, the
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median seam height steadily increases, such that mines
with over 100 employees have a median seam height of
168 cm (66 in).

Rate of Fatalities and Serious Injuries.—Looking at the
mean and median rate of fatalities and serious injuries
across mine size categories, there appear to be no clear
trends. However, the standard deviations (std dev) show
a decreasing trend with increasing mine size. The dif-
ference between the largest mines (std dev = 3.16) and
the smallest mines (std dev = 17.10) is particularly dra-
matic and is further reflected in the differences between
the medians for these two categories. The median of 0.00
for mines with 20 or fewer employees indicates that at
least 50% of the mines in this size category reported zero
serious injuries or fatalities for the period 1989-91 even
though the average number of such incidents reported for
these small mines is almost 6.

In contrast, for mines with more than 100 employees, at
least 50% of these mines reported almost 5 fatalities or
serious injuries and the average number reported is 5.71.
With regard to this particular characteristic, smaller mines
look very different from one another relative to the homo-
geneity exhibited by larger mines.

Table 10.—Mine-level descriptive statistics for productivity,
seam height, and rate of fatalities and serlous
injuries! stratified by mine size (number
of employees) In 1989-91

Mine characteristic Number of employees

and rate 110 21to 51to Over Overall
20 50 100 100
Productivity:?
Median ........... 1.92 246 254 230 215
Mean ............. 207 266 260 249 2.31
Stddev ........... 1.34 1.24 1.05 1.07 1.31
Seam height:?
Median ........... 102 117 135 168 109
(40)  (46) (53) (66) (43)
Mean ............. 112 127 145 180 124
(44 (500 (57) (1) (49
Stddev ........... 43 46 46 53 51
(1m (18 (18 (1) (20
Rate of fatalities and
serious injuries:*
Median ........... 0.00 4.82 469 492 3.21
Mean............. 557 6.20 525 571 5.76
Stddev ........... 1710 6.30 324 316 13.28
Std dev  Standard deviation.

ISerious injuries include those classified as permanently dis-
abling and those that caused the employee to miss more than
20 days of work.

INumber of metric tons per employee-hour.

3Centimeters (numbers in parentheses are in inches). The U.S.
mining industry refers to seam height in terms of inches.

‘Per 200,000 employee-hours of exposure.
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SUMMARY AND CONCLUSIONS

It was found that fatality rates decline substantially
as mine size increases. The fatality rate is 0.175 deaths
per 200,000 h for mines with 20 or fewer employees. The
rate drops by almost half for mines with 21 to 50 employ-
ces, and drops by half again for mines with more than
50 employees. Likewise, rates of permanently disabling
injuries decline as mine size increases. However, there is
no clear-cut trend in the relationship of mine size to the
rate of other types of serious accidents—ones that cause
the employee to miss more than 20 days of work. The
rate of serious accidents is lowest for mines that employ
1 to 20 employees, highest among mines that employ 21 to
50 people, and intermediate for mines that employ more
than 50 people.

Fatality rates are currently substantially lower than they
were in the late 1970’s. Although fatality rates decreased

during the 1980’s for each mine size category, the per-
centage of decrease was lowest among the smallest size
mines and highest among the largest size mines. In look-
ing at the differences between rates of various types of
fatal accidents at small versus large mines, it appears that
ground fall accidents are a particularly important problem
for small mines. The rate of fatal ground fall accidents is
over 10 times greater at mines with 20 or fewer employees
than it is at mines with over 50 employees.

Several trends become evident when looking at differ-
ences in the rates of specific categories of serious accidents
across mine size categories (see table 6). In particular, the
rates of accidents classified as "handling materials" and
"slips or falls" increase with increasing mine size. Con-
versely, rates for accidents classified as "machinery" and
"powered haulage" decrease with increasing mine size.
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PILLAR DESIGN AND STRATEGIES FOR RETREAT MINING

By Frank E. Chase' and Christopher Mark?

ABSTRACT

One of the keys to miner safety and an efficient re-
covery of the reserves is to design sufficiently sized pro-
duction pillars that will prevent pillar squeezes, excessive
pillar spalling, severe floor heave, roof falls, and pillar
bumps. Currently, few mine operators design sections that
will be retreat mined using empirical formulas or numer-
ical models that estimatc abutment pressures generated
by adjacent mined-out workings. The U.S. Bureau of

Mines is in the process of field testing and refining a "user
friendly" computer program called Analysis of Retreat
Mining Pillar Stability (ARMPS) to estimate abutment
pressures developed during pillaring. Analyses of 68 pillar
design case histories using the ARMPS program indicate
that it can be successfully employed to predict pillar line
stability during retreat mining operations.

INTRODUCTION

Use of remote-control miners, extended-cut waivers
up to 12 m (40 ft), and mobile roof supports have enabled
room-and-pillar retreat mining (also referred to as pil-
laring, robbing, and second mining) to be competitive with
longwall mining. While longwall mining can claim an ad-
mirable safety record (12),° the same cannot be said of
retreat mining. During the period between 1989 and 1993,
29% of the roof fall fatalities occurred on retreat mining
sections. One of the most hazardous underground oper-
ations during retreat or any other type of mining is the
removal of the push-out stump. Over a recent 10 year
period, 10% of the fatalities resulting from roof or rib falls
occurred during the removal of the push-out stump (17).

Roof fall accidents are not the only problem associated
with retreat mining. Each year, considerable amounts of
coal are lost because of squeezes, heave, pillar line roof
falls, and pillar bumps. Yet few empirical formulas or nu-
merical models arc available that can estimate abutment
pressures that develop when gob areas are created dur-
ing pillar extraction. As part of its goal to reduce injuries
and fatalities, the U.S. Bureau of Mines (USBM) is field
testing and refining a method called Analysis of Retreat
Mining Pillar Stability (ARMPS) to aid in the design of
pillar retreat sections. This paper presents the findings
thus far.

ARMPS METHOD

The ARMPS formula is based on the Analysis of Long-
wall Pillar Stability (ALPS) method that is widely used for

lGeologist.

Mining engineer.

PittsburghResearch Center, U.S. Bureauof Mines, Pittsburgh, PA.

3talic nubers in parentheses refer to itams in the list of references
at the end of this paper.

longwall pillar design (8-9). The ALPS method was orig-
inally developed from measurements of abutment loads in
five longwalls and later validated by back analysis of more
than 100 longwall mining case histories. To be useful for
pillar retreat mining, the ALPS method had to be modified
for the different extraction geometries that are created
during pillar extraction.
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The goal of the ARMPS method is to help ensure that
the pillars developed for eventual extraction (production
pillars) are of adequate size for all anticipated loading
conditions, The most severe loadings usually develop on
the extraction front (or pillar line), particularly where
older gob areas from previously extracted pancls are
nearby. The ARMPS method determines a stability factor
(SF) as—

SF = LBC/LT, €)
where LBC = estimated load-bearing capacity of pil-
lars within active mining zonc (AMZ)
and LT = estimated load applied to pillars within

AMZ.

The AMZ is defined as being the width of the extraction
front and three pillars deep (fig. 1).

Studies of longwall gate entries have indicated that
three rows of pillars typically behave as a single system
and that an SF calculated for the system as a whole is

more representative of conditions than an SF calculated
for individual pillars.

The load-bearing capacity of thc AMZ is calculated as
the sum of the load-bearing capacitics of the pillars within
it. The strength of an individual pillar (SP) is dctermined
using the Bieniawski formula (3):

SP = §; [0.64 + (0.36 w/h)], (2)
= in situ coal strength [assumed value
= 6.2 MPa (900 psi)],

where S,

w = pillar width,

and h

pillar height.

Longwall studies have indicated ihat 6.2 MPa (900 psi)
is normally the appropriate value for S, for use in this
formula (&), and this value was used in all the case history
analyses discussed. Current indications are that both coal
strength and floor strength may be more important during
pillar retreat than they are in longwall operations.
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Figure 1.—Schematic of active mining zone.



The loading applied to the AMZ (fig. 1) is the sum of—

¢ Development loading present before pillar retreat

and
¢ Abutment loads created by load transfers from adja-

cent gobbed-out areas.

The development load (LD) is estimated using the tribu-
tary area formula—

LD = (H) (v) (AT), 3)
where H = depth of cover,
v = unit weight of overburden,
and AT = total area of AMZ.

Abutment loads (LA’s) are determined using either equa-
tion 4 or equation 5, depending on the length of the
mined-out area (GL):

When GL >2 (H tan B),

LA = H? (tan B) (v/2) (EFW), C)

and when GL <2 (H tan B),

_|@m@GLy  GL?
LA = [ 2 8 tan B}ﬁ) EFW), )

where B abutment angle

and EFW = extraction front width.
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The abutment angle value is dependent upon the caving
conditions in the mined-out area. Three possible caving
conditions have been found to occur. If good caving has
developed in the gob areas and few stumps have been left,
then the abutment angle is assumed to be the same as that
used for longwall mining, or 21°. At the other extreme, if
few stumps have been left, but caving has not occurred in
the gob, then B = 90°. A third case arises when caving
has not occurred and significant remnant pillars (fenders
or stumps) have been left in the gob. In the later case, it
is assumed that the remnant pillars have yielded and their
strength is assumed to be 50% of that calculated from
equation 2. Then B is adjusted so that the remnant pillars
carry only the load they are capable of and the remainder
is transferred.

In its current form, the program can analyze four
loading configurations, as illustrated in figure 2. The
simplest—loading condition 1—is development loading only.
Loading condition 2 occurs where a panel is being fully
retreated and no other mined-out areas are nearby. The
total applied load is the sum of the development loads
and the front abutment load. Loading condition 3 occurs
where the AMZ is surrounded on two sides by mined-out
areas and the pillars are subjected to development, side
abutment, and front abutment loads. When the pillar line
is surrounded by gob on three sides (sometimes referred
to as bottlenecking), an additional side-abutment load
results and loading condition 4 is produced.

Unfortunately, the irregular mining geometries that
sometimes occur in practice can be difficult to categorize
into one of these four loading conditions. Efforts are cur-
rently underway to expand the number of available loading
configurations with numerical modeling.

VERIFICATION OF ARMPS METHOD

Design criteria have been established for the ARMPS
method through back analysis of 68 case historics of pil-
lar design from 10 different States. The case historics
were obtained from mine visits and from the literature.
Case histories cover an extensive range of geographic lo-
cations, roof rock cavability characteristics, extraction
methods, and loading conditions. In addition, overburden
thicknesses ranged from 53 to 591 m (175 to 1,938 ft),
coalbed heights ranged from 0.9 to 3.4 m (2.8 to 11 ft),
and pillar width-to-height ratios varied from 1.0 to 11.1.

Each case history was categorized as being either suc-
cessful or unsuccessful. Unsuccessful cases (table 1) were
deemed as being such because one or more of the follow-
ing unfavorable conditions occurred:

1. Squeezes.
2. Massive pillar failure and resultant airblast.

Severe sloughage.
Excessive heave.
Numerous roof falls.
Coal pillar bump.

Sk W

Case history loading conditions were categorized as
being successful abutment loading, unsuccessful abutment
loading, and unsuccessful development loading. Figure 3
clearly suggests that many failures, but few successes, have
resulted when designs with ARMPS SF’s of less than 0.75
were employed. Between SF’s of 0.75 and 1.50, there
seems to be a "middle ground,” where both successful and
unsuccessful cases are found. Based on figure 3, failure
is unlikely when an ARMPS SF of 1.5 is employed.
Bieniawski also recommends an SF of 1.5 for short-term
pillars subjected to development loads only (3).
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Table 1.—ARMPS values for unsuccessful pillar design case histories

Location Coalbed Source Loading ARMPS sta- Comments
condition!  bility factor

Alabama Blue Creek . ...... Mine visit .. ..... 2 1.27 Pillar squeeze caused panel to be abandoned.

.do..... Ll .do........... 2 1.1 Squeeze conditions caused 20 pillars 21 by

. 21 m (70 by 70 ft) to be lost.

Colorado ... Cameo"B"....... Abel (1) ........ 1 0.57 Airblast generated by sudden collapse of 204
by 402 m (670 by 1,320 ft) of 3 by 24 m (10-
by 80-ft) fenders.

linois .. ... Herrin No. 6 .. .. .. Chugh (6) ...... 3 .81 Roof falls, 56 cm (22 in) of floor heave, and
severe sloughage.

Kentucky ... Coalburg ........ Unrug (16) ... ... 3 272 Inability to break roof caused excessive pillar
spalling and heave.

Harlan .......... Mine visit . ... ... 1 896 Coal pillar bump fatally injured roof bolter
operator.

.do....oi e .do. ...l 1 1.06 Squeeze conditions caused 14 rows of pillars
to be lost. Most of main entries were closed
entirely.

Hazard No. 4 ..... .do. ... 3 43 Extensive pillar line heave, sloughage, and roof
falls caused 9 rows of pillar to be lost.

.doo .o Ldoo. .l 3 46 Squeeze conditions caused 10 rows of pillar to
be lost. Numerous roof falls and continuous
miner was buried.

Wallins .......... Ldoo.. ol 4 .39 Severe pillar line weighting. Scores of fenders
were lost after pillar splits.

OChio ...... Pittsburgh ....... Atler 2) ........ 2 345 Squeeze conditions caused numerous pillars to
be lost.

Pennsylvania .do. .. ... Mishra (10) . ... .. 2 79 152 m (500 ft) of pillars were lost in 3 days.
Large-scale squeeze 1,600 ft outby pillar line.

Tennessee .. Beech Grove ..... Mine visit ....... 1 1.34 Squeeze conditions essentially closed 671 m
(2,200 ft) of main entries.

.do. ...l .do. .ol 3 .60 Section and barrier pillar abandoned because
of squeeze conditions.

Utah ...... Gilson .......... .do. ... 3 44 Section abandoned because of violent coal
pillar bump.

.do. ...l .do......l 2 .40 Excessive roof slaking and subsequent bump
due to idle pillar line.

Virginia .... Pocahontas No.3.. Campoli(4) ..... 1 .56 Numerous coal pillar bumps. 274- by 396-m
(900- by 1,300-ft) area of pillars was aban-
doned because of squeeze.

West Virginia  Beckley ......... Mine visit . ...... 4 .84 Continuous miner was buried for 2 weeks.
Crushed out cribs due to 0.9to 1.2 m (3 to
4 ft) of heave.

.do. ..ol Sdoo ..l 4 .61 Coal pillar bump during pillar split fractured
roof bolter operator’s leg.

Coalburg ........ .do........... 1 .49 Squeeze that occurred in partially pillared
workings caused 2 rows of 12- by 15-m (40-
by 50-ft) pillars with SF of 1.37 to be lost.

.do. .. ..., .doo ..ol 1 .66 Airblast generated by approximately 100 fend-
ers collapsing blew out 26 cinder-block stop-
pings and fan-house weak wall. 1 miner was
injured.

.do............ .do........... 1 1.17 10 rows of 12- by 12-m (40- by 40-ft) pillars
were lost because of squeeze conditions.

.do. ... < [ T 3 1.31 Dangerous pillar sloughage caused scores of
pillar to be lost. Barrier pillar was also lost.

Dorothy ......... .do ...l 1 1.40 Airblast generated by massive pillar failure
blew out 38 stoppings.

Lewiston ........ Tang (15) ....... 1 .63 Massive pillar failure, pillar squeeze, and
severe spalling.

sodoo L, codon 1 1.20 Do.

No.2Gas ....... Mine visit . ...... 4 .83 After losing several rows of pillars because of

See footnotes at end of table.

squeeze conditions, section was abandoned
for fear of losing bleeders.
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Table 1.—ARMPS values for unsuccessful pillar design case histories—Continued

Location Coalbed Source Loading ARMPS sta- Comments
condition’  bility factor
West Virginia
(cont) .... Pocahontas No.4 .. Campoli (4) ... .. 3 0.32 Crushed pillars and floor heave.

Lodoo o Mine visit . ... ... 1 1.03 Airblast generated by failure of 117 pillars.

Sewell .......... Peng (13) ....... 3 1.45 Section abandoned because of concern that
floor heave [0.6 to 0.8 m (2 to 2.5 ft)] might
prevent equipment retrieval.

Stockton ........ Mine visit ....... 1 .74 Airblast generated by 140 fenders collapsing
blew out 32 stoppings and fan-house weak
wall.

.doo ..ol c.doo L 1 .72 Airblast generated by 90 fenders collapsing
blew out 40 stoppings.
sdoo .l odoo L 1 1.29 Airblast generated by 72 fenders [6 by 12 m
(20 by 40 ft)] and 50 pillars [9 by 9 m (30 by
30 ft)] blew out 70 stoppings.
.do.o . L.dol L 2 1.17 Squeeze conditions caused 22 pillars [12 by
14 m (40 by 45 ft)] to be lost.
NI L Lower Kittanning .. Tang (14) ....... 1 * A massive failure of pillars occurred when pil-
lars to left of chain pillar "A" were split.
Severe entry roof falls occurred.
N oo Taggart ......... L.do 1 1.14 Massive pillar failure 15 crosscuts outby pillar

line.

Do. Same as above.

NI Not indicated.

!l oading condition 1 = development loading; 2 = development and front abutment loading; 3 = development, front abutment, and
side abutment loading; 4 = development, front abutment, and loading from two side abutments.

2Abutment angle = 90°.

3pillars measuring 4.6 by 12 m (15 by 40 ft) had an SF of 0.45.

‘Pillars measuring 6 by 6 m (20 by 20 ft) had an SF of 1.32; pillars measuring 3.8 by 13.7 m (12.5 by 45 ft) had an SF of 1.08.

1277 717 v 1T T T T T 17 T T T T T T T T T T
i 2 KEY i
10 p 7 7 Successful abutment 7
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» 8 K £
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Figure 3.—ARMPS stability factors for case histories.
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ADDITIONAL FACTORS INFLUENCING PILLAR LINE STABILITY

Abutment loads are not the only factor that should be
considered in pillar design for retreat mining. Pillar line
conditions are also markedly affected by multiple-seam
interactions, the rate of pillar line advancement, and roof
rock cavability characteristics. In the case of multiple-
seam interactions, the best case scenario is to begin with
the uppermost seam and to extract it as cleanly as pos-
sible. Any barrier, production, or remnants of production
pillars (miners refer to these as stumps or sprags) left in
the upper seam gob can transfer loads to pillars in the
lower seam. However, this is dependent on the thickness
and the geology of the interburden and the depth of cover
(5 7). The load transfer is more intense if the pillars
and/or stumps left in the upper seam gob are under-
designed. In one mine visited in southern West Virginia
that had extremely competent roof, the only unintentional
fall that ever occurred on the pillar line or in the mine
happened directly beneath a barrier pillar. In room-and-
pillar retreat mining, the mains, barrier pillars, and panels
that are to be retreated should be superimposed for opti-
mum ground conditions.

In virtually every mine visited, operators indicated that
the rate of pillar line advancement played a crucial role in
overall pillar line conditions. When the pillar line moved
slowly or remained idle over the weekend or during a
miner’s vacation, normally stable pillars began to take
weight, as evidenced by sloughage, heave, and even
squeeze conditions. Mine operators also remarked that
timely pillar line advancement was even more critical when
the coalbed thickened because high ribs taking weight
caused large rib rolls, which are dangerous to the mine
operator and helper.

The caving characteristics of the roof also affect pillar
line stability. The Pittsburgh Seam has gained the reputa-
tion of having very weak roof where the Pittsburgh Sand-
stone Member is absent. During pillar retreat, the roof
usually breaks directly inby the breaker posts, providing
excellent pillar line conditions.

The other extreme roof condition, fairly common in
portions of southern West Virginia and areas of eastern
Kentucky, occurs where massive sandstones or siltstones
[12 m (40 ft) and thicker] are directly above the coalbed.
Such roof conditions have been associated with sudden,
widespread pillar collapses that, in turn, can cause dam-
aging airblasts (fig. 4). Evidence indicates that massive
and competent roof rock units are able to bridge relatively
wide spans, particularly when they are aided by the sup-
port provided by the regularly spaced remnants of produc-
tion pillars. When the extraction area is still small, the
remnant pillars are not subjected to the full overburden

load because of the stiffness of the roof. A pressure arch
is created, with most of the weight being carried by
barriers surrounding the extracted area. Eventually, the
bridging capability of the main roof can be exceeded,
either by overextending the extraction area or by the
weakening of the roof and/or remnant pillars over time.
Once the pressure arch breaks down, the structural char-
acteristics of the system are such that sudden, massive pil-
lar failures can occur (I7). For example, at one of the
mines visited during this study, production pillars meas-
uring 12 by 12 m (40 by 40 ft) were split down the middle,
leaving 3- by 12-m (10- by 40-ft) fenders in the gob.
Shortly after one panel was completed, an area measuring
152 by 152 m (500 by 500 ft) and containing approximately
10¢ ferders collapsed suddenly. The resulting airblast
damaged the fan-house weak wall and 26 stoppings, and
closed the mine for days. Fortunately, because of the
location of the blast, only one miner was injured.

Underground observations and analysis suggest that two
alternative strategies may be successful in preventing air-
blasts under competent roof conditions. One approach is
to limit the partial pillaring conducted in a panel with the
intention of designing for long-term stability. This can be
accomplished either by increasing the size of the remnant
pillars or by periodically leaving rows of unsplit pillars as
barriers between smaller areas of split pillars. The latter
was successfully employed in a southern West Virginia
mine that experienced two moderate-to-severe blasts. The
second strategy is to go to full pillar extraction. By re-
moving the support provided by the fenders, the bridging
capacity of the roof should be substantially reduced. If the
roof does not break during full pillar extraction, caving can
be induced through explosives (16).

In another mine visited, pillar splitting was responsible
for three significant airblasts. Wanting to arrest the situa-
tion, the "Virginia three-cut method" was employed (fig. 5).
The sequence in which the lifts are extracted are num-
bered as shown in figure 5. In the collapsed areas where
12 x 12 m (40 x 40 ft) pillars were split, the extraction
percentage was 78% as opposed to 74% using the 3 cut
method. However, the 3 cut method leaves non-uniformly
spaced stumps that have an irregular geometry in the gob.
According to the mine operator, these stumps routinely
yielded and crushed out. Since the 3 cut method has been
used in this mine, no airblasts have been recorded.

Finally, it appears that massive pillar collapses may be
more likely where the floor and roof are strong. Where
the floor is weak, the pillars should be more prone to
punch, resulting in a pillar line squeeze.
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Figure 4.—Concrete stopping damaged by airblast.
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Figure 5.—Virginia three-cut pillar extraction method. A, First pillar mined; B, second pillar mined. (Numbers
indicate sequence in which lifts are extracted.)



CONCLUSIONS

Information gathered during this investigation lends
credence to the following conclusions:

1. Properly sized production pillars that are designed
considering the front and/or side abutment pressures
generated by gob creation can result in better miner safety
and more efficient recovery of reserves.

2. Case histories analyzed using the ARMPS method
examined an extensive range of geographic locations,
depths of cover, width-to-height ratios, roof rock cavability
characteristics, floor conditions, and extraction methods
that are representative of the population as a whole. It
appears that production pillars with an ARMPS SF of 1.50
or greater have a high probability of being extracted
without a problem.

3. Multiple-seam interactions can have detrimental
effects on pillar line stability. The effect is dependent

upon the sequence in which the seams are mined, the
thickness and geology of the interburden, overburden, and
the presence of production pillars or stumps left in the
gob.

4. Normally stable pillar line conditions often deteri-
orate if the pillar line moves slowly or remains idle for an
extended amount of time. This deterioration can manifest
itself in the form of excessive sloughage, heave, and
squeezes.

5. Airblasts or squeezes have occurred in mines that
have competent and massive roof rock units that will not
cave. If partial pillaring is to be conducted under com-
petent roof that will not cave, the long-term stability of the
gobbed-out area should be considered. This can be ac-
complished either by increasing the size of the production
pillar remnants or by leaving rows of unsplit pillars as
barriers between smaller areas of split pillars.
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SHIFTWORK: A GUIDE FOR SCHEDULE DESIGN

By James C. Duchon'

ABSTRACT

Based upon the perturbed performance, increased or
more serious accidents, lowered production, higher absen-
teeism, health problems, familial problems, low morale,
and job dissatisfaction due to working nights and shift-
work, the U.S. Bureau of Mines has analyzed shiftwork
schedule design at mining operations. The purpose of this
paper is to discuss in practical terms what mining com-
panies can do if they are considering changes in their
shiftwork practices. It is not the intent of this paper to

persuade management or any workers that they should
change their shiftwork schedule.

This paper discusses various design considerations or
dimensions that may vary. These dimensions are (1) fixed
versus rotating schedules, (2) speed of rotation, (3) di-
rection of rotation, (4) length of shift, and (5) starting
time of shift. Also, extended workdays and other manage-
ment considerations, such as training and evaluation, are
discussed.

INTRODUCTION

In the miyning industry, the proportion of employees
working shiftwork is increasing. Data from the U.S. Bu-
reau of Labor Statistics indicate that in 1991, 28.4 pct of
all mine employees worked evening, night, or rotating
shifts, as compared with 21.9 pct in 1985. Further, the
percentage of miners working shifts other than straight
days is considerably larger than the combined average of
all U.S. industries (17.8 pct).

There are several practical reasons why shiftwork in
mining is prevalent, including (1) the increased demand for
goods and services combined with limited overhead; (2)
the need to maximize costly equipment for quick capital
recovery; (3) the need to take advantage of lower utility
costs at offpeak-hour utility rates; and (4) the need to keep
equipment running continuously because of high startup
costs.

It has been demonstrated in published studies that
workers in various industrial groups, such as mining, pow-
er, chemical, nursing, factory, and oil refineries, have dis-

played perturbed performance, increased or more serious
accidents, lowered production, higher absenteeism, health
problems, familial problems, low morale, and job dissatis-
faction due to working nights and shiftwork (1-10).2 An
excellent review of these effects can be found in a recent
document completed by the U.S. Congress, Office of Tech-
nology Assessment (7). It is easy to understand, therefore,
why there is a growing interest among all industries, in-
cluding mining, to examine shiftwork interventions.

A discussion of alternative work schedules provided oth-
er reasons why there is a recent trend in the United States
toward new and better schedules (11). For instance, an
increase in relative affluence creates a climate where many
of life’s privileges and comforts have become necessities.
Employees are examining alternative schedules consistent
with this. Also, cultural changes, changes in employment
rates, an aging work force, labor force participation, and
a shift to service work all contribute toward this move to
seek alternative schedules.

'Engineering research psychologist, U.S. Bureau of Mines, Twin
Cities Research Center, Minneapolis, MN.

Italic numbers in parentheses refer to items in the list of references
at the end of this paper.



For these reasons the U.S. Burcau of Mines (USBM)
has been involved in research on various shiftwork issucs
to enhance the safety of the minc worker. The purposc of
this paper is to discuss in practical terms what mining
companies can do if they are considering changes in their
shiftwork practices. It is not the intent of this paper to
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persuade management or any workers that they should
change their shiftwork schedule. In many cases, current
work scheduling practices are used successfully. Changes
in such situations may, in fact, worsen their situation in
spite of all good intentions.

ERGONOMIC CONSIDERATIONS OF SCHEDULE DESIGN

The perfect shift does not exist. Figure 1 illustrates
that there are threec crgonomic considerations for any
schedule that are associated with various causes and cf-
fects, such as production, abscnteeism, accident rates,
worker fatigue, and morale. These considerations include
biocompatibility, sociocompatibility, and job compatibility.
A comprehensive assessment of any schedule, thercfore,
must consider cach of these components. While each of
these considerations arc interrclated, they will for the sake
of simplicity be discussed and trcated independently.

Biocompatibility refers to how a schedule conforms
or does not conform to human physiology that may af-
fect performance. It is well known that humans have in-
nate "biological clocks” that control certain physiological
functions. Circadian rhythms arc thosc functions that
have an approximately 24-h cycle, such as the excretion
of human growth hormone and cortisol potassium, varia-
tion of body temperature, and sleep-wake cycle. The
sleep-wake cycle refers to the body’s natural tendency to

Blocompatibllity

- -

Job Compatibllity Soclocompatibllity

ERGONOMIC CONSIDERATIONS

maintain wakcfulness during the daylight hours and sleep
during the night. There are two observable conscquences
that can occur as a result of disrupting the sleep-wake
cycle. First, remaining awake at night results in fatigue or
a fecling of being tired. This fatigue occurs cven when
"enough” sleep is taken prior to the night shift. Fatigue
occurs at night because of a physiological push for sicep
manifested by sleepiness, performance deficiencics, low-
cred body temperature and heart rate, and other signs
associated with a nced for sleep. When body temperature
is used as an indicator of alertness, the trough of this cycle
tends to occur at approximaltely 3:00 a.m. for an individual
who is not adjusting to a different schedule or time zone.

A sccond situation related to circadian rhythms is re-
ferred to as occupational jet lag. Just as our bodics adjust
to different time zones during travel, so too must our
bodics adjust to rotations from day or cvening shifts (o
night shifts. Fatigue, malaise, disturbed sleep, and general
flu-like symptoms occur as a result of circadian rhythm

Production

Absenteelsm

Accidents

Fatigue

Morale

EFFECTS

Figure 1.—Ergonomic considerations and effects of shiftwork schedules.
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desynchronization and physiological adjustment to the new
shift (time zone). Such a biological adjustment to new
time zones may take from 3 to 10 days, whereas adjust-
ment to a night shift may take longer or may never occur
because of conflicting day-night cycles, i.e., working during
the night and sleeping during the daylight hours, as well as
conflicting social and family cues on workdays and off
days.

Sociocompatibility refers to a compatibility between
work schedule design and social-family life schedules.
This design consideration is perhaps the most critical as-
pect from the perspective of the shift worker. The
norm in our society is an 8-to-5, Monday-through-Friday
schedule. Deviation from this could potentially create
social conflict. For many workers, the most disliked shift
in this respect is the evening shift. Working between

3:00 p.m. and 11:00 p.m. precludes a satisfactory family-
social life. Working weekends, an unavoidable conse-
quence of continuous operations, is a major source of so-
cial incompatibility.

Job compatibility refers to how a schedule conforms
with or competes with job or organizational demands. For
instance, certain companies or industries require training
days to be built into a schedule. Some underground min-
ing companies have blasting periods that should be con-
sidered in a schedule. Such things as need for weekend
work, need for equal personnel across the 24-h day, com-
muting times for employees, union regulations, exposure
to harmful environmental agents, etc. should be considered
in the choice of schedule design. Any schedule that in-
volves evening, night, or rotating shifts will create prob-
lems for some people.

MANAGEMENT-LABOR DIFFERENCES

The focus of "important” schedule considerations can
be different depending upon one’s perspective. Figure 2
illustrates the concerns management and labor typical-
ly consider critical in a "good" schedule. Traditionally,
management tends to emphasize issues of job compatibil-
ity, while labor tends to emphasize issues of sociocom-
patibility. This is not to say that management ignores the
welfare of its employees or that employees do not consider

MANAGEMENT
CONCERNS

the job considerations that are necessary for company sur-
vival. In fact, insight into each position is ultimately
necessary for a successful and workable schedule. Until
recently, biocompatibility issues in schedule designs were
often ignored. However, research in the past 10 years has
evaluated human sleep, biological rhythms, nutrition, etc.
in relation to shiftwork schedules and has offered impor-
tant considerations that should be of value to all parties.

 EMPLOYEE
CONCERNS

Figure 2.—Critical schedule concerns.
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RECOMMENDATIONS

While there are virtually unlimited schedule designs,
there are limited dimensions of the schedule that can vary.
These dimensions are (1) night and evening shift, (2) fixed
versus rotating shifts, (3) slow or fast rotation schedules,
(4) forward or backward rotation, (5) early or late shift
start times, and (6) length of shift. The following is a dis-
cussion of each of these.

NIGHT AND EVENING SHIFT

As mentioned earlier, working night shifts has been
associated with a variety of health and performance meas-
ures. It is the night shift that is incompatible to our body’s
natural rhythms. The night shift is also disliked by many
workers because of social factors. There are situations,
however, where individuals prefer working nights because
of certain benefits, such as pay differentials and less pres-
sure or less supervision at work. Working nights also
allows for more parental involvement in child care and the
associated cost savings.

Considering only the criteria of adequate sleep, the
evening shift is for most people the perfect shift. Virtually
all studies have indicated that the evening shift is associ-
ated with the greatest sleep length when compared with
the day or night shift. Nevertheless, it is the evening shift
that is the least preferred by workers. Clearly, this dislike
for the shift is due to issues of sociocompatibility.

Recommendations:

1. Before anything else, an employer should consider
the possibility of decreasing use of night shifts.

2. The use of overtime should be avoided for work-
ers on night shifts. Many workers nap prior to the shift

and begin sleep immediately following the night shift.
Therefore, any overtime may eat into the worker’s total
sleep length, which is already shortened.

3. When night shifts are used, several special precau-
tionary measures should be taken. These are—

a. Longer or more frequent mandatory rest breaks
when work is between midnight and 6:00 a.m.

b. Physically or mentally difficult assignments
should be left for the day or evening shifts.

c. Ample opportunity for a hot and healthful
variety of foods via machine or food cart should be
made available to these "offshift" workers.

d. Lunch breaks should occur at a consistent time
of the night shift, i.e., meals should be eaten at approxi-
mately the same time each night.

FIXED VERSUS ROTATING SHIFTS

Fixed or permanent shifts are more common in
Monday-through-Friday, 24-h operations. In these 5-day
operations, three crews each working day, evening, or
night shifts can cover a 24-h operation with either perma-
nent or rotating shifts. However, in continuous opera-
tions, utilizing 8-h shifts, where each job totals 168 h per
week (24 h/d times 7 d/wk), a minimum of four crews is
needed to cover all three shifts. Therefore, at least some
shift rotation is typically required. The question then
becomes, Should the use of permanent shifts be minimized
or maximized when possible? Table 1 shows one of the
most commonly used schedules in continuous operations.
This schedule maximizes rotating shifts by requiring all
workers to rotate on a weekly basis. In contrast, table 2
shows a schedule that utilizes three fixed crews (1, 2, and
3) and one rotating or "grasshopper" shift (crew 4).

Table 1.—Schedule consisting of four-crew, 8-h, 7-day backward rotating
"Southern Swing" pattern

Crew-week Mon. Tues. Wed. Thurs, Fri. Sat. Sun.
L TP — — E E E E E
2 ..., E E — M M M M
3 ....... M M M — — G G
4 ....... G G G G G - -
E  Evening shift.

G Night shift.

M Morning shift.

NOTE.—Dashes indicate off days.
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Table 2.—Schedule consisting of 6-day-on and 2-day-off pattern,
repeating every 8 days

Crew Mon. Tues. Wed. Thurs. Fri. Sat. Sun
o M M M M M M -
2t - - E E E E E
3t G G — - G G G
2 E E G G - - M
E  Evening shift.

G Night shift.
M Morning shift.
'Fixed.
Grasshopper shift, rotating every 2 days.
NOTE.—Dashes indicate off days.
One argument in favor of using fixed shifts, such as  Recommendations:

pcrmanent days, evenings, and nights, is to allow workers
on the night shilt to "adjust." However, research has
consistently shown that night workers never completely
adapt to that shift. Nearly all night permanent shift
workers revert to a "normal’ day schedule on their days
off. They are, therefore, constantly rotating their work-
sleep cycles in spite of having a fixed shift. Several studies
have indicated that permanent night workers, as do
rotating shift workers, tend to sleep several hours less
before the night shift than any other shift. Working
consecutive night shifts, therefore, may result in a cumula-
tive "sleep debt." A summary of the pros and cons of fixed
versus permanent shifts is as follows:

Advantages of Fixed Shifts:

1. Often allows workers to choose the evening or night
shifts. These shifts are actually more sociocompatible for
some workers.

2. Allows a large percentage of employees to avoid the
night shift altogether.

3. Less disorienting since rotation among the other
shifts is not required.

Advantages of Rotating Shifts:

1. A "fair" schedule. No preferences given to individ-
uals for the favored shifts.

2. Minimizes the exposure to the night and evening
shift to any particular group of employees by “spreading
out" the exposure among all employees.

3. If rotations are fast (see next section) then there
may be less physiological disruption of circadian rhythms,
i.e., occupational jet lag would not be an issue.

1. The primary consideration should be the possibility
of the reduction of the work force on the night shift.

2. Unless the night shift and the evening can be filled
by workers voluntarily choosing to work permanent shifts,
rotating shifts are recommended.

SLOW OR FAST ROTATION SCHEDULES

Rotating shifts can differ with respect to how quickly
workers rotate from one shift to another, or the number
of contiguous days on each shift. In U.S. mining opera-
tions, rotations tend to be as short as 1 week and as long
as 2 or more weeks on the same shift. It is not typical to
find "rapid” rotations of 1 or 2 days, as is found in some
service industries or as is typical in the European commu-
nity. The rapid rotation will be discussed below.

There are reasonable hypotheses for suggesting either
the 1 week, or the slower rotation cycles of 2 or more
weeks. On the one hand, it can be argued that it is more
advantageous to work shorter stretches of nights to avoid
a cumulative sleep deprivation that may occur with too
many contiguous night shifts (72). On the other hand, it
can be argued that a slower rotation has the advantage of
letting workers adjust to night shifts, thereby lessening the
negative effects of night work (73).

The USBM conducted a study to determine whether or
not there is an advantage to working the second week of
a 2-week cycle, as would be indicated by reports of more
positive health, mood, and sleep items on the second week
as compared with the first week (14). Forty-two workers
at a surface mine in the Midwest filled out the work, food,
and sleep diary for 4 to 6 weeks. They rotated every
2 weeks, going from days to nights to evenings with all



weekends off. The dependent measures were defined as
(1) health, the daily frequency of reported symptoms; (2)
mood, based on a self-cvaluation of four descriptors—
alert, sleepy, grouchy, and relaxed; (3) total sleep length;
and (4) sleep quality. Results indicated that on the second
week of the night shift, workers reported significant im-
provements in all four mood descriptors for the second
half of their shift. Also, slecp quality as measured by
awakenings during slecep improved on the second week of
the night shift. None of the variables showed a worsening
on the second weck of nights. These results do not sup-
port a "cumulative trauma" elfect for the schedule stud-
ied in this paper. On the basis of this study, it could be
recommended that 2-week cycles are supcerior to 1-week
cycles.

However, a truly [ast rotation schedule, rarely used
in U.S. industries, is common in European countries. Ta-
ble 3 shows a typical fast rotating schedule. Experts agree
that there are scveral advantages to fast rotating shifts
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(15-17). First, individuals do not have time enough on any
shift to adjust his or her circadian rhythms, thereby avoid-
ing the physiological dyschrony associated with working
stretches of night shifts. Second, working only two or
three consecutive nights does not allow a sleep debt to
occur, which is associated with working several consecutive
nights. Third, short stretches of nights allow for more
regular social contacts.

Recommendations:

1. On a rotating schedule, it is recommended that
schedules have 2 weeks of a particular shift (with days off),
as compared with 1 week. Table 4 shows an example of
a schedule [or an eight-worker continuous operation, uti-
lizing 2-week rotations.

2. A fast rotation, such as the one shown in table 3,
may be considered as an alternative for those groups of
workers wanting to avoid long stretches of night shifts.

Table 3.—Rapid rotation schedule often used in European work systems’

Crew-week Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
| I M M E E G G G
2 ... — — M M E E E
3 ...... G G — - M M M
4 ... E E G G - - -
E  Evening shift.
G Night shift.

M Morning shift.

This schedule requires four crews working a repeating 2-2-3 pattern. For instance,
crew 1 works 2 days, two evenings, three nights, 2 off days, two day shifts, two evening

shifts, etc.

NOTE.—Dashes indicate off days.

Table 4.—Crewless schedule consisting of 2 contingent weeks of nights!

Employee-week Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
T — M M M M M M
2 M — - M M M M
3 M M M — — M M
4 E E E E E — -
5 i — G G G G G G
6 ... G - - G G G G
7o G G G - - E E
8 ... E E E E E — —

E  Evening shift.

G Night shift.

M Morning shift.

This schedule requires eight shift workers covering two positions around the clock. The

shift workers are placed at i-week intervals in an 8-week cycle.

NOTE.—Dashes indicate off days.
Source: Circadian Technologies, Inc.
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FORWARD OR BACKWARD ROTATION

One popular suggestion offered by shiftwork experts is
to prescribe schedules that rotate in a forward direction.
Rotating from a day to evening to night shift (table 5) is
preferred over rotating from a day to night to evening shift
(table 1). Unfortunately, there are virtually no published
studies that have systematically reversed ONLY the
direction of the shift rotation in a mining or industrial
setting that would show the benefit of such an intervention.
There are, however, a few studies that have made shift
changes, which have included direction of rotation as one
part of the total change. For instance, the most widely
cited study is the intervention study at Great Salt Lake
Minerals (10). In this study, the group that changed to a
forward direction AND went from a weekly to a 21-day
rotation schedule improved on measures of health, produc-
tion, and turnover.

There are two viewpoints as to why there may be bene-
fits using a forward rotating schedule:

Premise 1: First, Knauth and Rutenfranz (I6) state that
for a discontinuous three-shift system with a five-shift, two-
days-off pattern: (1) a forward rotation produces a 72-h-
off period between a day and evening shift, a 72-h-off
period between an evening and night shift, and a 48-h-off
period between a night and day shift, and (2) a backward
rotation produces a 56-h-off period between a night and
evening shift, a 56-h-off period between an evening and
day shift, and an 80-h-off period between a day and night
shift. The shortcr the off period, the less time for rest and
recovery. Therefore, they conclude that since a forward
rotation produces only one short, between-shift interval
and a backward rotation produces two short, between-shift
intervals, the forward rotation is recommended.

Premise 2: A second and more popular reason for pre-
scribing the forward rotation relates to circadian rhythms
that are disrupted during phase advances or delays. Since

humans have circadian rhythms that are over 25 h, it is
easier to phase delay than to phase advance. Phase ad-
vances merely refer to adjustment of our circadian rhythms
to earlier clock times. Phase delay refers to adjustment to
later clock times. Rescarch has shown that transmeridian
air travelers have a much ecasier time adjusting to west-
ward travel ("phase delay" or forward rotation) as opposed
to castward travel ("phase advance" or backward rotation)
(18-20). Based on this research, many authors have rec-
ommended that shift rotation schedules take advantage of
this finding by constructing schedules with forward rota-
tions to hasten adjustment to each new shift (10, 16, 21-
22). Unfortunately, no single study has compared the pat-
terns of adjustment or completeness of adjustment for a
group of shift workers who have rotated in each direction
with all other factors being equal. In fact, no study has
demonstrated complete circadian adjustment for shift
workers rotating in either direction.

The USBM challenged these viewpoints using an analy-
sis based upon sleep times taken from survey data and at-
tempted to evaluate the argument that forward rotations
are BETTER than backward rotations. The primary con-
cern in rotating shiftwork is rotating onto and off of the
night shift. Therefore, each between-shift interval prior to
or subsequent to a night shift was scrutinized. This paper
is based on sleep timing only. Other factors that could
influence adjustment, such as eating and social behaviors,
internal biological functions, and rhythms should not be
ignored.

Night shifts are typically considered either the first or
third shift, depending upon the placement within the over-
all schedule. For instance, in a Monday-through-Friday
workweek, a night shift is the first shift if it begins at or
about Sunday night and ends Monday morning, However,
a night shift is considered the third shift if it begins late
Monday night and ends early Tuesday morning.

Table 5.—Schedule consisting of four-crew, 8-h, 7-day forward rotating pattern

Crew-week Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
1 ... — _ M M M M M
2 . M M - E E E E
3 ... E E E - - G G
4 ..., G G G G G - -
E  Evening shift.

G Night shift.

M Morning shift.

NOTE.—Dashes indicate off days.



It was shown that when nights are the third shift, the
recovery interval after the night shift on both the forward
and backward rotations are “short" intervals (figs. 3-4).
However, the forward rotation contains only one full
night’s sleep and two shortened sleep times. Further, the
day shift follows this, which could itself contribute to sleep
deprivation. On the backward rotation, the recovery inter-
val after a night shift contains two full night’s sleep, fol-
lowing a shortened day sleep. The next afternoon series
could actually help in recovery since these shifts are
associated with the longest sleep lengths of any shift.

When nights are the first in the series, the recovery
intervals after a night shift are relatively long for both
forward and backward shifts. However, the backward ro-
tation contains a potential for three full night’s sleep,
as opposed to only two full night’s sleep for the forward
rotation.

Therefore, when primary importance is placed upon
recovery from night shifts, if nights are the third in the
series, the backward rotation is the most desirable.

The amount of slcep and time off prior to working a
series of night shifts was also inspected (figs. 3-4). Idcally,
individuals who are well rested will have a better chance
of adjusting and coping with their night shifts. Where
nights are the third in the series, both the forward and
Mid. B8 am. 4 pm.

8a.m. 4p.m.

Mid.
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backward rotations have a long between-shift interval prior
to the night shift, 72- and 80-h, respectively. Both allow
three separate sleep periods to recover from the night
shift.

Where nights are the first in the series, both the
forward and backward rotations have a "short" between-
shift interval, 48-h and 56-h, respectively. The day-to-night
shift change on the backward schedule and the evening-to-
night shift change on the forward schedule have only two
nighttime sleep periods.

Therefore, when analyzing sleep behaviors prior to
night shifts, having nights as the third shift for both for-
ward and backward shifts are more desirable than having
nights as the first shift.

Perhaps the more popular reason for promulgating the
forward rotation is its apparent consistency with the idea
that it is biologically quicker to adjust when rotating in the
forward direction than in the backward direction. Forward
rotations have been compared with east to west travel,
where sleep-wake cycles are phase delayed; i.e., sleep
occurs later than what has been typical for an individual.
Just looking at work start times, it appears that workers
are phasing in a forward direction; i.e., day to evening to
nights. However, when looking at the sleep-wake cycles of
actual workers, they are not consistently rotating forward.
Mid. Mid. 8 a.m.

8 am. 4 p.m. 8 am. 4pm. 4p.m.

| ]

Day to

afternoon |
|

|
T T T T
—

72 h off —— |
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Afternoon to night

72 hoff — |

Night to day

[(es ] [7]iR

48 h

off—]
KEY

- Work times
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Figure 3.—Forward rotation with night as third shift. (Mid. = midnight)
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Based upon typical sleep times, the number of phase ad-
vances and phase delays are exactly equal for forward and
backward rotating shift workers. Adjustment, therefore,
should be the same for both conditions.

ecommendations:

1. Where the speed of rotation is relatively slow (i.e.,
1 week or more), the preferred direction of rotation is
llinked to the amount of time off between changes. The
amount of time off is related to the position of the night
shift, first versus third. An analysis of time off and typical
sleep periods indicates that the backward rotation with
nights as the first shift may be more conducive for
recovery from a stretch of nights. However, a backward
rotation with nights as the third shift offers the best
opportunity for sleep in preparation and recovery from the
night shift. In general, it is suggested that there should be
at least 56 h between the last of a series of night shifts and
the next of a scries of shilts.

2. For fast rotations, as shown in table 3, forward
rotations are recommended.

8a.m. 4p.m. Mid. 8 a.m. 4pm.

I O

Mid.

EARLY OR LATE SHIFT START TIMES

Various factors can influcnce a preferred start and end
time. In the realm of job-compatibility, certain factors
should be considered. For instance, daily blasting sched-
ules are often coordinated with shift start times for under-
ground mines, since evacuation of the mine is necessary.
Sociocompatibility issues involve such concerns as driving
through rush hour and being home at particular times to
coincide with meal times or child care. Biocompatibility
issues include such concerns as sleep quality and sleep
length, as well as individual differences such as morning
and evening types. Morning types or larks are those indi-
viduals who tend to prefer to go to bed early and wake up
early. Evening types or owls are those individuals who
prefer to go to bed late and wake up late. This factor may
be an important consideration as the work force ages.
Older workers are associated with being morning types.

In general, research has shown that when working a day
shift, slecp length decreases with earlier work start times.
Also, sleep taken between night shifts are of shorter dura-
tion the later the work times start and end. Therefore, to
Mid. 8 am. 4 p.m.

8 a.m. 8 a.m. 4p.m.
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Figure 4.—Backward rotation with night as third shift. (Mid. = midnight)
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maximize sleep length before the morning shift, the shift
should not start too early. However, to maximize sleep
length after a night shift, the shift should not end too late.

Knauth and Rutenfranz (16) discussed studies of start
times in various industries. In a coal mine, an experimen-
tal change on the day shift from a 6:00 a.m. to a 7:00 a.m.
start time was associated with a 23.8 pct accident rate
decrease. Similar findings of later start times being
associated with fewer accidents or error rates have been
found with bus drivers and train drivers. The study also
suggested that earlier start times on.a "late shift," between
1:00 p.m. and 4:00 p.m., was associated with more frequent
accidents.

Recommendations:

1. On a one-shift system (i.c., a day shift), a 7:00 a.m.
to 9:00 a.m. start time is suggested.

2. For 24-h operations, it is suggested that a 7:00 a.m.,
+30 min start time be employed. A later start time will
hamper the ability of night shift workers to get adequate
sleep.

3. Ideally, a flexible start timc should be uscd if
possible.  This allows for individual preferences and
differences.

LENGTH OF SHIFT

There is very little doubt that "extended workdays,"
regular shifts of 10 or 12 h, maintaining an approximately
40-h week, is a very popular alternative among the work
force because of the significant increase in days off, in-
cluding weckends, especially when compared with tradi-
tional rotation schedules of working seven straight shifts or
having only one weekend off every 4 to 6 weeks.

While the popularity of extended workdays has been on
the increase, there are some scrious concerns by manage-
ment, workers, unions and various governmental policy-
makers that working 10- or 12-h days may create an added
risk of accidents and health problems (23). Unfortunately,
there is very little objective information available regarding
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the nature and degree of safety and health risks associated
with the application of extended workday schedules (I, 24-
25). As a consequence, when it comes to questions of de-
signing and managing extended workdays, decisionmaking
by management must now proceced on limited information.

Health and safety issues are not important considera-
tions for the implementation of 12-h shifts in relatively
safe workplaces such as white collar settings. However, in
labor-intensive and environmentally stressful conditions as
in mining, where accidents and health are major concerns,
or where safety is a public concern as in the nuclear power
industry, the application of long workdays must be care-
fully analyzed. Since all indications are that the applica-
tion of extended workday schedules by U.S. industries will
become increasingly widespread over the decade, it is im-
perative that a careful and comprehensive evaluation of
safety and health risks associated with such schedules be
initiated. In a report requested by the House Committees
on Appropriations; Energy and Commerce; Science, Space,
and Tcchnology; Veterans Affairs, and the Senate Subcom-
mittce on Scicnce, Technology, and Space of the Office of
Technology Assessment, it was stated that there is "... a
compelling need for more studics of the interactions be-
tween work schedules and safety in the workplace" (J,
p- 18). )

The change from an 8-h rotating shift to a 12-h rotating
shift implics several critical schedule differences (26).
Bcelow are the crucial similarities and differences between
8-h rotating shifts and 12-h rotating shifts. These are the
factors that could make a difference in workers’ tolerance
to their schedules:

1. Length of the workday.—An extended workday is
typically considered a 10- or 12-h workday, while still
maintaining an approximatcly 40-h workweek. Table 6
shows an example of "2-3-2 every other weekend off"
extended workday schedule.?

3This schedule is the continuous pattern of the days on-days off
sequence; i.e., two shifts on, followed by 3 days off, followed by two
shifts on, followed by two shifts off, etc.

Table 6.—Schedule consisting of two—three-two,l every other weekend off,
12-h shift pattern

Crew-week Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
1 ..., — D D - - D D
2 ... D — - D (o} - -
[ — N N — — N N
4 ..., N - — N N - —

D 12-h day shift.
N 12-h night shift.

IThis schedule is the continuous pattern of the days on-days off sequence; i.e., two
shifts on, followed by 3 days off, followed by two shifts on, followed by two shifts off, etc.

NOTE.—Dashes indicate off days.
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2. Amount of time off between workdays.—Extended
workdays typically have less off-time between shifts. This
would have implications for physical recovery from fatigue
and potentially less time for sleep.

3. Length of the workweek.—Extended workweeks typ-
ically have shorter workweeks at the expense of longer
workdays. This could have implications for adaptation of
circadian rhythms or less cumulative fatigue across a
workweek (27).

4. Amount of time off, i.e., length of "weekends."—
Extended workdays usually allow more days off. This
would have implications for recovery from fatigue or sleep
deficit.

5. Speed of rotation.—U.S. shift workers usually rotate
slowly, 1 week or more on any one shift. Extended work-
days usually require faster rotations, 2 to 4 consecutive
days, which would have implications for adaptation to cir-
cadian rhythms.

6. Time of day.—Both 8-h schedules and 12-h sched-
ules can involve around-the-clock operations. Therefore,
working the night shift will still be an issue in extended
workdays.

The USBM conducted a study designed to examine the
safety and health implications of extended workdays at
an underground copper, lead, and zinc mining operation
(28). Measures were taken before and after a change
from the old 7-days-on, 2-days-off, 8-h continuous schedule
to the new 4-days-on, 4-days-off, 12-h continuous schedule.
These measures included (1) behavioral performance
measures to analyze perceptual-motor changes, (2) con-
tinuous heart-rate monitoring and acrobic capacity to
mecasure physical fatigue, (3) pulmonary-respiratory meas-
ures to examine air contaminant exposure, and (4) a vari-
ety of self-report questionnaires to measure perceived
adaption and satisfaction witli the new schedule. A control
group consisting of 5-days-on, 2-days-off day shift workers
at the same mine was also included.

Survey results indicated an overwhelming support for
extended workdays at the underground copper, lead, and
zinc mine (28). However, sclf-reported mood scales and
the Stanford Sleepiness Scale indicated that workers on the
12-h night shift experienced more sleepiness and lowered
energy-alertness levels after the eighth hour into their
shift. The 12-h shifts did not scem to be associated with
a decrease in most measures of performance across the
shift. Only on one measure of physical endurance task
(tapping lapses) was there a decrcase in performance
across the shift for the 12-h night shift. Most of the phys-
iological and pulmonary data indicated few differences
between the 8- and 12-h shifts.

In this study, because of the remote location of the
mine, the workers on 12-h shifts were expected to lodge at

the minesite during their 4-day shift week. This undoubt-
edly had a beneficial effect on the sleep and rest between
shifts. This was confirmed by the diary data that indicated
improved sleep quality and no lessening of sleep length, as
compared with the workers’ 8-h schedule.

Based upon the overall acceptance of the new schedule
by the workers and lack of evidence to suggest serious per-
formance decrements, it was recommended that the mine
retain the 12-h schedule, with certain precautionary meas-
ures to ensure the safety of the workers. Such measures
included maintenance of the on-site lodging for 12-h work-
ers, continuous observation and evaluation of group and
individual adjustment, and customizing work tasks and
work breaks to accommodate longer work hours.

In an area fraught with inconsistencies, there are sev-
eral valid comments that can be safely made: (1) workers
tend to embrace the use of extended workdays; (2) in spite
of item 1 above, some studies in some industries have
shown performance and/or safety decrements associated
with extended workdays; and (3) more research on extend-
ed workdays is needed, especially for companies and in-
dustries considering the use of extended workdays where
safety is of major importance. These conclusions under-
score the need for caution by companies using or consider-
ing the use of extended workdays. Based upon this review,
it is recommended that the use of extended workdays be
accompanied by special efforts to create safe working
conditions. Also, since no @ priori predictions from prior
research can be made with certainty about the probable
consequences of introducing 10- or 12-h shifts into a min-
ing company, evaluation of each miner should be made on
a periodic basis.

Recommendations:

The use of extended workdays is recommended pro-
vided that certain precautions are considered. These are—

1. Extended workdays should not be considered where
the frequency of accidents or near-miss accidents are at
unacceptable levels. The use of extended workdays should
not be expected to reduce the likelihood of accidents.

2. Extended workdays should not be considered for
jobs that require extremely high physical workloads. For
example, the American Industrial Hygiene Association
recommends a workload not to exceed one-third VO,_,,
(maximum aerobic capacity) for an 8-h workshift. While
similar recommendations have not been made for extend-
ed workdays, this standard should be strictly enforced.

3. Job sharing and cross training should be considered
where extended workdays are used. Since vigilance, bore-
dom, and mental or physical fatigue can lead to errors,
changing job tasks may alleviate these stressors.



4. Workers should not be expected to work overtime
on extended workdays. Working on scheduled days off is
not recommended.

5. If extended workdays are used, regular evaluation
and assessment should be undertaken. For instance,
survey methods have been developed by the USBM to
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evaluate schedules before and after changes are made
(29). Also, long-term monitoring of health, accident, and
production effects should be considered.

6. Hybrid schedules that utilize both 8- and 12-h shifts
should be considered. Table 7 is an example of a schedule
utilizing both 8- and 12-h shifts.

Table 7.—Hybrid schedule consisting of both 8- and 12-h shifts

Crew-week Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
1 .. E E E E E - -
2 ... - M M M M M12 M12
3 M - — - G G12 G12
4 ... G G G G - - -
E Evening shift.

G Night shift; third shift of the day, running from 11 p.m. to 7.a.m.

Shifts from 7 p.m. to 7 a.m.
M Morning shift.
M12  Shifts from 7 a.m. to 7 p.m.

NOTE.—Dashes indicate off days.
Source: Circadian Technologies, Inc.

MANAGEMENT CONSIDERATIONS

Changing a schedule: Equally important to the new
schedule itself is how the process of choosing a schedule
is carried out. There is not a single method that has been
shown to be the best. A prescription for failure is for any
one manager to take it upon himself or herself to decide
upon a schedule and implement it without consuiting thosc
workers who would be affected by the change. This meth-
od, although seemingly efficient, sets up the potential for
suspicion and inaccurate assumptions that could lead to
possible rejection of the schedule, regardless of how good
it is.

The following steps are recommended as one way that
has proven effective:

1. Construct a company-wide shiftwork committee.

2. Evaluate work problems and worker needs. Social
requirements of a schedule can be determined at this time,
Focus groups or surveys can be used at this step.

3. Determine operational requirements.

4. Design alternative work schedules that consider the
information from steps 2 and 3.

5. Evaluate alternative work schedules. This evaluation
is based upon the opinions of the shiftwork committee,
experts in the field, and/or other workers.

6. Choose three alternatives for a vote.

7. Make the shiftwork change.

8. Evaluate the change 6 months, 1 year, and every
year thereafter. If the presurvey was used for evaluation,
a postsurvey can be used as a basis of comparison. Inform
the work force of the results of the evaluation.

9. Decide to keep or reject the schedule.

Training and followup: Offer training to the shift
workers in ways to cope with shiftwork. Involve family
members in this training.

SUMMARY

For the vast majority of the work force, any schedule
that involves hours outside the parameters of a "normal"
schedule (i.e,, 9 to 5), will involve sacrifice and physical
and psychological distress. There seems to be, however,
schedules that are better than others. This paper presents
various aspects of schedules that have been studied and

reported upon. The literature is full of studies and reports
of actual work settings that have changed schedules with
positive outcomes. Shiftwork practice is an ergonomic
consideration, where the fit between the worker and
workplace may have serious consequences caused by job,
sociological, and biological compatibility.
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NATURE AND COST OF LOW BACK PAIN

By Sean Ga"agher1 and Christopher A. Hamrick?

ABSTRACT

Low back pain (LBP) represents a huge expense to the
mining industry and to society as a whole. Any effort to
control the problems associated with LBP requires an
understanding of the nature of LBP. This review paper
was written by the U.S. Bureau of Mines to describe the

current state of knowledge regarding LBP—the causes, risk
factors for LBP, effectiveness of treatments, recovery from
back pain, and methods that can be used to help control
the problem.

INTRODUCTION

Low back pain (LBP) is very common in Western coun-

tries and is a major cause of worker disability, limitation -

of activity, and economic loss. Many studies have indi-
cated that up to 80% of the general population are af-
fected by LBP at some time during their lives (26, 35).2
Furthermore, it is estimated that approximately one in sev-
en Americans are currently experiencing LBP (25). The
cost of back injuries in the United States in 1989 was var-
iously estimated to be anywhere from $27 to $56 billion
(38). These costs have undoubtedly risen by a substantial
amount since that time.

Few need to be reminded of the magnitude of the back
pain problem in the mining industry. Back injuries

consistently rank as the leading cause of lost workdays,
account for up to 40% of worker compensation payments,
and cost the industry tens of millions of dollars every year
(20). In underground coal mines alone, back injuries cost
the industry in excess of $30 million in 1991. The average
cost of a back injury that year was over $8,000.% As part
of its mission to enhance the safety and efficiency of
mining, this review paper was written by the U.S. Bureau
of Mines to describe the current state of knowledge
regarding LBP—the causes, risk factors for LBP, effective-
ness of treatments, recovery from back pain, and methods
that can be used to help control the problem.

CAUSE OF LBP

While a great deal of knowledge has been accumulated
regarding LBP in the past couple of decades, doctors and
scientists still cannot explain the exact mechanisms causing
pain in the majority of patients with LBP. Many experts
believe that LBP is caused by changes in the spine as an

individual ages. It is thought that the changes that occur
as one gets older may lower the resistance of the spine to
heavy workloads. Consequently, heavy loads on the spine
trigger the onset of low back symptoms (26-27, 34, 41).

IResearch physiologist.
2Industrial engineer.

Pittsburgh Research Center, U.S. Bureau of Mines, Pittsburgh, PA.
3talic numbers in parentheses refer to items in the list of references

at the end of this paper.

4Unpublished data prepared by C. A. Hamrick in 1994; available
upon request from S. Gallagher, BuMines, Pittsburgh, PA.
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TYPICAL LBP HISTORY

LBP typically begins fairly early in life (usually in one’s
twenties). Back pain during this period is typified by a
mild and diffuse pain of relatively short duration, which is
followed by a return to full activity. In one’s thirties, there
are often more frequent attacks of LBP, which are relieved
by rest and followed by relatively pain-free periods. Back
pain typically peaks in the forties; episodes of sciatica

(radiating back pain) are more frequent, and there is often
residual pain between attacks. Improvement is frequently
seen in the fifties. This period is characterized by less
severe pain, which appears to be arthritic in nature (morn-
ing stiffness) and is largely relieved by activity during the
day. The sixtics often bring substantial relief from pain for
the LBP patient (41).

BACK INJURY RISK FACTORS

Effective control of LBP requires an understanding of
activities that increase the risk of an injury. Some of the
major factors associated with increased risk of back pain
follow:

Manual materials handling (espccially lifting).
Twisting of the trunk.

Bending the trunk forward.
Bending the trunk to the side.
Excessive reaching.

Falls.

Prolonged sitting.

Sedentary jobs.

Highly physical jobs.

Exposure to whole-body vibration.
Cigarette smoking.

Obesity.

Extreme tallness.

As can be seen, a wide variety of activities arc associated
with back injuries (from prolonged sitting to heavy lifting).
The following sections give some additional detail with
regard to these risk factors.

SPECIFIC RISK FACTORS FOR LBP

Manual Materials Handling.—According to a study per-
formed by Bigos (7), manual handling tasks are associated
with almost two-thirds of all low back compensation
claims. Lifting is a particular concern, being associated
with 49% of low back compensation cases (43). Studies
have shown that lifting is especially hazardous if the object
workers have to lift is excessive, i.e., greater than 15.9 kg
(35 Ib) in weight (13, 30, 42). Perhaps more important
than the actual weight of an object is the moment that is
imposed on the low back. Figure 1 illustrates this point by
posing the question: Which is more stressful on the low
back, 15 kg (33 Ib) of feathers or 15 kg (33 Ib) of lead? In
this example, 15 kg (33 Ib) of feathers actually makes the
load experienced by the spine greater. This is because the
15 kg (33 1b) of feathers must be packaged in a bulky

container, which causes the worker to hold the object fur-
ther away from his or her body (creating a larger mo-
ment). This increases low back stress. Fifteen kilograms
(thirty three pounds) of lead, on the other hand, makes for
a compact load that can be carried quite close to the body,
which will decrease the stress on the low back. Many
other aspects of manually lifting a load have been shown
to be potential hazards to the musculoskeletal system.
These include horizontal and vertical location of the load,
shape and size of the load, lifting frequency, load stability,
couplings, duration of lifting, workplace geometry, asym-
metric lifting, environmental issues, etc. (21).

Figure 1.—Fifteen kilograms (thirty-three pounds) of feathers
result in increased loading on the spine compared with 15 kg
(33 Ib) of lead. The lead (being compact) can be held much
closer to the body, which decreases the horizontal distance (H)
from the low back to the center of gravity of the object. The
resultis a decreased load on the low back. (Adapted from "UAW-
Ford Job Improvement Guide," copyright 1988, Regents of the
University of Michigan. Used by permission.}



Body Motions.— Twisting of the trunk is associated with
a significant proportion of low back compensation cases
(approximately 18%). Bending the trunk forward is also
associated with such cases, but to a somewhat lesser de-
gree (12% of cases).®* More recent studies have also
shown that the more quickly one twists the trunk or bends
the trunk to the side, the higher the back injury risk (32).
Other studies have demonstrated that excessive reaching
(for example, reaching over obstacles or handling bulky
objects) is associated with higher back injury rates (3, 48).
Falls are responsible for only about 10% of compensation
cases (7), but these cases tend to be somewhat more se-
vere and costly (7, 47).

Environmental Factors.—Workers who are required to
sit for prolonged periods of time have a higher risk of
back pain (31). ‘This may be due in part to the [act that
the spine is almost fully bent forward in a relaxed sitting
posture (4). It appears that jobs with low physical de-
mands (sedentary jobs) and jobs possessing high physical
demands both have somewhat higher incidences of LBP
(36). A moderate amount of physical work is related to
lowest back injury rates. Exposure to whole-body vibra-
tion (such as that experienced by shuttle car drivers) has
also been implicated as a risk factor (9, 19). Another en-
vironmental factor that has received a great deal of atten-
tion recently is that of job satisfaction. Several studies
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have recently reported that an employee’s satisfaction with
his or her job, working environment, and/or first line
supervisor is related to LBP (6, 45). One reason for this
relationship may be that workers who enjoy their jobs are
willing to work through minor bouts of back pain, while
persons who do not like their job will use the same type
of pain as a chance to get away from an undesirable
situation.

Personal Factors.—A recent study has demonstrated that
smokers have an increased risk of LBP (7). In fact, this
study showed a dose-response relationship between
cigarette smoking and LBP. What this means is that the
more a person smokes, the greater is his or her risk of
LBP. The reasons for a smoker’s increased LBP risk are
probably due to two factors: (1) Smokers develop a deep
cough, which places increased stress on the low back, and
(2) smoking decreases blood circulation to the spine, which
prevents essential nutrients from being delivered, causing
tissues to be increasingly vulnerable to injury. Other per-
sonal risk factors involve body size. Back pain appears to
be about twice as common in the 20% most obese (17).
Furthermore, exceptionally tall individuals seem to have a
higher incidence of LBP (3). Certain types of LBP (es-
pecially those cases involving intervertebral disk problems)
seem to have a genetic component, as well (39).

MULTIPLE RISK FACTORS

Alt